The application of data processing and artificial intelligence technique to pesticide research. by Saggers, D. T.
THE APPLICATION OF DATA PROCESSING 
AND ARTIFICIAL INTELLIGENCE 
TECHNIQUES t o p e s t i c i d e r e s e a r c h
by
D. T. SAGGERS
ProQuest Number: 10804449
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
uest
ProQuest 10804449
Published by ProQuest LLC(2018). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode
Microform Edition © ProQuest LLC.
ProQuest LLC.
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106- 1346
SUMMARY
To date the discovery of pesticides has depended largely upon 
random synthesis and serendipity. However, there is now, for 
a variety of reasons, a strong incentive to rationalise the 
inventive process.
To this end techniques have been investigated whereby 
routinely aquired biological data may be subjected to 
numerical analysis with a view to establishing empirical 
relationships between chemical structure and pesticidal activity.
These procedures have been aimed at the discovery of entirely 
new chemical families and the rapid optimisation of structure 
within families.
The study initially required the codification of biological 
observations and chemical structures for computer recording 
and processing; the preferred procedure for structure recording 
being the Wiswesser Line Notation (WLN). Use of a permuted 
WLN index, in conjunction with a computer summary of the 
biological results, proved to be a simple, but valuable, tool 
for providing structure-activity guides to previously defined 
areas of chemistry.
A method of summarising biological activity, the Categorisation 
Analysis (CA) was developed. This^used in combination with a permuted 
WLN index, showed the range of biological response produced by 
structural variants of a common substruetural feature, whilst the 
reverse procedure illustrated the variations in structure which 
produced the same spectrum of biological response.
Biological activity coefficients for specific responses : 
Structure Activity Frequency (SAF) values : were obtained 
automatically for WLN-derived substruetural fragments, in a set 
of compounds of known activity, by computing the proportion of 
compounds in the set possessing the fragment,which were active.
A highly significant relationship was established between the 
mean SAF (MSAF) value for the fragments of a compound and its 
activity. From this it was possible to predict the activity 
of further untested compounds using their computed MSAF values.
It was also possible to utilize the results as a lead generative 
procedure by identifying combinations and associations of 
fragments with high SAF values.
In structure optimisation studies, modifications of the Free- 
Wilson model were found to give reliable predictions, provided 
an appropriate transformation of the computer stored data was 
carried out. A procedure was developed for automatic chemical 
fragment generation from the WLN for use in the Free-Wilson 
data matrix.
Throughout the studies it was apparent that adequate definition 
of the biological response and chemical fragments was essential 
for good structure-activity prediction and the relevance of these 
findings to further improvements is discussed.
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1. INTRODUCTION 1
1.1 The Need For Pesticides
Each day the world has to find food for approximately 3,800 million 
people, a number which has been estimated will increase to 6,000 
million by AD2000. It is the challenge and responsibility of modern 
agriculture to provide sufficient food for these mouths and ensure 
that this predicted population increase will not aggravate the 
widespread starvation that already exists.
Although the options available to the community, the agronomist or the 
farmer to increase food production are numerous they may be 
conveniently considered under six headings:
i) to put more land under cultivation
ii) to improve husbandry techniques
iii) to produce higher yielding varieties of plants
or more efficient food converting animals
iv) to improve crop and animal nutrition
v) to reduce crop or animal losses resulting from pests and
diseases
vi) to minimise food losses post-harvest in storage or transit.
2Of these possibilities the first solution is becoming more difficult 
with time. It has been estimated that there are approximately 1,400 
million hectares under cultivation (Corbett, in press) or about 0.37 
hectares per person.. To increase this area in many of the advanced 
countries would be extremely difficult since the pressure on land for 
housing, industry and recreation is steadily eroding what is currently 
available. There is of course considerable potential for significant 
increases in the utilization of the oceans and fresh water for food 
production. However the state of the art in marine agriculture at 
present is little better than that of terrestrial agriculture in the 
middle ages and the ameliorating effects of advances here are unlikely 
to have much influence in the medium or short term. It is to the 
other options we must turn therefore for a solution to the problem.
Of these, the most immediate benefit can be obtained from the control 
of pests and diseases both before and after harvest, although no one 
method can be considered entirely in isolation. Even improved 
husbandry techniques such as the combine harvester relies for its 
efficient utilization on the use of artificial plant foods in 
combination with the new short straw varieties, or chemical dwarfing 
agents, and the elimination of such weeds as cleavers, Galium aparine 
(L), and bindweed, Convolvulus arvense (L). Similarly the 
introduction of the high yielding rice varieties is only effective if 
combined with adequate nutrition and fungus control.
Although biological means of pest and disease control are employed, 
their use now and in the future is likely to be limited (Corbett, in 
press) and in this thesis only chemical means of control are 
considered.
On a question of definitions,, the term "pests" is taken throughout to 
cover weeds, insects, and fungi and the term "pesticide" refers to 
products which control pests, i.e. herbicides, insecticides and 
fungicides.
1.2 Logistic And Economic Factors In Pesticide Development
During the history of pesticide development, which, apart from a few 
classic examplesy is essentially that of the past four decades,it is 
reasonable to estimate that over two million compounds have been 
synthesised and tested for their pesticidal activity. This has 
resulted in the introduction during the period of about 750 different 
compounds of which about 600 are still marketed (Martin & Worthing, 
1977) in many thousand different commercial formulations. It is worth 
noting here that virtually all of these materials are the products of 
the chemical industries of Europe, the USA and Japan. From these 
figures a simple calculation would suggest that the overall success 
rate is about 1 in 2500 to 1 in 3500. This statistic is almost 
meaningless however since the situation is a highly dynamic one with 
constantly changing criteria and a more realistic assessment for today 
would be nearer 1 in 10,000 (Johnson & Blair, 1972: Huber, 1977).
Table 1 summarises the decline in success rate with time.
4Table 1 The success rate of pesticide discovery
Year
Number of compounds 
examined to produce a 
successful product
1956 1800
1964 3600
1967 5481
1969 5040
1970 7430
1972 10000
from Johnson, D.E. and E.H. Blair (1972)
In a detailed study carried out in 1970 ( NACA ,1970) 36 companies 
were questioned about their pesticidal synthesis activities. The 
replies revealed that during the period 1967 to 1970 although the 
number of compounds synthesised and tested per annum had only 
increased by 4% (60,000 to 62,800), the number of compounds which 
needed to be examined to produce a successful product increased by 36% 
(5,481 to 7,430). The average time to produce a new product also 
increased by 28% from five to six years and five months, and the costs 
by 60% from $3.4 to $5.5 million. More recently Corbett (in press) 
and Braunholtz (1977) have estimated that the development time for a 
successful product is now between 6 and 8 years and costs between $14 
and $18 million. These very significant increases in cost over the 
past decade are mainly due, apart from inflation, to the considerable 
increase in information required on toxicology, residues and 
environmental factors as well as demands for proof of efficacy by 
governmental approval agencies (Tschirley, 1972: Johnson & Blair, 
1972).
These increases in time and money significantly affect the length of 
time taken to achieve a positive cash flow (St. Aubin, 19.77). Even 
after the 6-8 years development it will take a further 3 or 4 years' 
sales before the break-even point is reached on the total investment 
in the project and a true profit is earned. The inventors then have 
only a further 5 to 8 years left of the patent life before their legal 
monopoly runs out and manufacture is free to all, without the high 
research-cost penalty.
Thus apart from being a highly technical operation, the discovery and 
development of a new pesticide is a prolonged and expensive process 
with a low success rate. For this reason any company that wishes to 
remain viable must ensure that the targets it sets, that is the crops 
to be protected or pests to be controlled, if achieved, must provide 
an adequate return on expenditure. It is rather paradoxical to 
consider that while it is desirable from environmental aspects that 
pesticides should be narrow in their spectra of activity the expense 
of proving environmental safety has so increased the development 
investment that only a limited number of crops and pests of the more 
advanced countries can actually justify this expenditure. This in 
turn encourages the use of broad spectrum materials. Some of the more 
important crops and the potential markets which can carry such 
development costs are summarised in tables 2 and 3.
6Table 2
HARVESTED AREAS OF SOME MAJOR CROPS IN 1972 a'
Crop
Harvested area 
x 1,000 ha Crop
Harvested area 
x 1,000 ha
Wheat 213.294 Groundnuts 19.665
Paddy rice 131.230 Rye 17.026
Maize 108.208 Sweet potatoes 14.950
Barley 84.915 Cassava 10.998
Millet 65.089 Sugar cane 10.864
Dry legumes 56.026 Rape 10.180
Sorghum 39.929 Grapes 9.805
Soya beans 38.489 Coffee 9.532
Cotton 33.909 Sunflower 8.790
Oats 31.282 Sugar beet 7.954
Potatoes 22.097 Sesame 5.820
a)
F.A.O. Production Yearbook, 26, 1972.
Table 3
a)
1974 Major World Pesticide Markets by Crop
Crop Value in million $ ^
Herbicide Insecticide Fungicide
Total
crop
value
1. Cotton 240 (97) 665 (137) 29 (12) 934 (246)
2. Maize 680 (423) 174 (85) 19 (4) 873 (512)
3. Rice 181 (23) 243 (9) 91 (1) 515 (33)
4. Soybeans 410 (286) 26 (12) 11 (4) 447 (302)
5. Apples 12 (5) 97 (26) 170 (18) 279 (49)
6. Wheat 200 (47) 28 (9) 41 (5) 269 (61)
7. Potatoes 16 (8) 70 (20) 123 (9) 209 (37)
8. Sugar Beets 81 (11) 28 (5) 16 (4) 125 (20)
9. Citrus 20 (7) 65 (30) 30 (7) 115 (44)
10. Sorghum 55 (33) 25 (15) 12 (2) 92 (50)
11. Peanuts 32 (17) 24 (10) 16 (14) 72 (41)
12. Tobacco 11 (6) 39 (14) 19 (2) 69 (22)
Totals by use 1938 (963) 1484 (372) 577 (82) 3999 (1417)
a) Farm Chemicals, September 1977
b) U.S. values shown in parentheses
71.3 Thesis Objectives
The increasingly unfavourable economic factors, which are 
reducing the ratio of development costs against earnings to the 
point of commercial unacceptability, are a strong incentive to 
improve the chances of discovering an active compound and reduce 
research costs. One approach to this problem is the development 
of rational techniques for predicting active structural 
combinations which have a high probability of success, or 
alternatively inactive compounds which should be avoided. The 
guidance for these predictions may be based on past results or 
from results obtained with newly synthesised compounds prepared * 
according to a predetermined plan. The need for this approach 
is self-evident if one considers that even with such a simple 
compound as picolinic acid (I), with five possible sites of 
substitution; if each is capable of accepting ten different 
substituents, the number of different structures would be 10 .
It is imperative therefore that methods are developed whereby
the total number of compounds which need to be examined is 
reduced to a manageable size. It is for the solution of this 
problem that the study of quantitative structure-activity 
relationships (QSAR) has been developed.
3
(I)
8A review of the evolution of QSAR techniques, particularly 
in the drug field, has been presented by Purcell, Bass and Clayton 
(1973). In brief they identified three main avenues of approach:-
i) the highly theoretical quantum mechanical techiques,
including correlations of molecular orbitals with 
biological activity (Kier, 1970; Neely, 1967 and 1971; 
Neely jet al_., 1968; Engler _et al., 1973).
ii) the semi-empirical correlation methods, such as the
linear free energy relationship (LFER) models based on 
Hammett equation and its derivatives (Exner, 1972;
Hine, 1975) and the Hansch (1971) methodology which 
attempts to correlate biological activity with 
physicochemical properties.
iii) the empirical methods based on the statistical correlations
of structural fragments with observed biological activity 
(Free and Wilson, 1964; Harison, 1968; Koskinen and 
Kowalski, 1974; Adamson and Bawden, 1975, 1976 and 1977;
Saggers, 1970, 1974 and 1976). They include pattern 
recognition and cluster analysis which are a develop­
ment of artificial intelligence techniques, AI (Chu,
1974; Kowalski and Bender, 1972).
v
This thesis is devoted to an investigation of the last of these 
strategies, as a means of assisting in the discovery stages of new 
pesticides. The techniques developed were designed to be applied 
to computer-stored results obtained from an all-the-year-round 
laboratory testing process; the primary screen; the main purpose 
of which is to detect biological activity and select the most active 
compounds for outdoor field tests.
9The procedures examined may be classified into two main types.
Firstly there are those employed to assist in the rapid identification 
of the most promising members of an already discovered active series;
i.e. the LEAD OPTIMISATION procedures. Secondly there are the 
methods for analysis of structure-activity relationships in large 
groups of unrelated compounds, to identify individual, or combina­
tions of, active chemical groups, which may then be used in the design 
of de novo series; i.e., the LEAD DETECTION procedures.
Both of these procedures have been investigated here. Because 
of the complex nature of this study it has not been possible to 
adopt the conventional layout of Materials and Methods, Results and 
Discussion,without at the same time sacrificing a considerable 
degree of clarity. The presentation has therefore been divided 
into six sections. Of these, the first two deal with the basic 
problems and concepts of pesticide research, as well as the 
biological test techniques developed by the author, which provide 
the raw data for the studies.
The third section describes the data processing procedures developed, 
or adopted and amended, by the author, primarily to provide an 
information service to the synthetic chemists, but which have been 
used as the data base for the structure-activity studies. The 
fourth section describes procedures developed for lead detection and 
simple lead optimisation using the biological and chemical data base. 
The fifth section is wholly concerned with advanced lead optimisation 
procedures, whilst the sixth section contains the summary and 
conclusions.
10
Within each section, where appropriate, the Methods, Results, 
and Discussion procedure have been adopted. The fourth and fifth 
sections therefore include the major part of the original work 
presented here, although the techniques described in the second 
and third sections represent original work by the author,partly 
published elsewhere.
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2. THE DISCOVERY PROCESS
2.1 Chemical Synthesis Options
There are three possible ways of discovering a new pesticide, of which 
only two so far have proved commercially successful. The first, the 
Empirical Method,(see Saggers,1976),is one in which completely novel 
compounds are synthesised and submitted for biological evaluation.
This highly speculative method has resulted in the discovery of the 
first members of many of the important families of pesticides 
available today. The empirical method has the attraction of a high 
probability of novelty, i.e. patentability, which is however 
counter-balanced by a low chance of discovery. Once activity is found 
the second process, or Analogue Approach, is brought into play.
The starting point of the Analogue Approach is the discovery of an 
active compound. This may come from the company's own synthesis, from 
a literature search (e.g. patents of successful products), or from a 
knowledge of natural products. The synthesis of analogues of the 
starting compound can take place in a random manner or can be directed 
along a logical path based on theoretical structure activity 
relationships (Topliss and Martin, 1975). The analogue search may be 
considerably simplified if the biochemical site of action is known.
The chances of achieving novelty by this method are limited if the 
starting point is an external successful compound, however this is 
counter-balanced by considerably better chances of discovery.
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Improvements which would justify the considerable research costs on 
analogues of commercially successful compounds are a potential for 
greater safety to the user, or the environment, cheaper production 
costs or improved spectrum of activity.
The third method of discovery is by Rational Design. In this approach 
the pest organism is seen as a complex of biochemical systems for 
which specific inhibitors are designed (Gabbot, 1966). Preferably 
such inhibitors should affect systems which confer a degree of . 
selectivity between the crop or host and its pest. To date however 
this approach, although intellectually stimulating, has not enjoyed 
commercial success. This is due partly to the considerable cost 
constraints on molecular design which operate in the agrochemical 
industry and partly to our lack of knowledge of the highly complex 
nature of the problem.
Biological Tests
2.2.1 Some basic considerations
Once the compound has been synthesised, by whatever line of reasoning, 
rational, empirical or analogue it is subjected to a series of simple 
biological, or screening tests, since in our present state of 
knowledge it is not possible to predict with accuracy the pesticidal 
activity of a novel compound from its structure alone. These 
biological tests have been designed to:
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i) reject inactive compounds
ii) select those of promise for more intensive
and extensive testing
iii) provide information on the relationships
between structure and activity.
All three steps are essential in the optimisation process aimed at 
minimising the time between discovery of a new series of compounds and 
the selection and sale of the patented product (Bradbury, 1970).
Bearing these factors in mind the basic philosophy and criteria 
(Saggers, 1977) adopted for the biological tests are:
i) they should be continuous, aseasonal and
reproducible; in order to provide accurate 
information rapidly so as to maintain the ^
momentum of chemical research and enable patents 
to be filed at the earliest possible date to 
protect the invention.
ii) they should be economic of material; in order 
to obtain the maximum of information from the 
limited amount of material normally prepared in 
the initial synthesis (usually 1-5 g).
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iii) they should be as realistic and as wide ranging as possible;
in order to allow a full interplay between the chemical and a 
variety of pests and their hosts, so that not only the known 
and conventional control processes are manifested, but also 
any novel reactions to be recorded, for possible future use. 
This "catch-all” principle is of paramount importance since 
the history of pesticide development offers abundant proof of 
the principle of serendipity, although it has been, 
unfortunately, rarely documented.
iv) the tests should be conducted in a standard manner under
carefully controlled conditions; in order to enable data 
collected over a long period to be compared with confidence 
for structure activity investigations. This is particularly 
important in lead detection procedures.
v) the tests should be cheap to perform and achieve a balance
between the requirements of a large throughput (c.2500 per 
year in this case) and the precision necessary for 
satisfactory structure activity predictions.
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2.2.2 The biological tests (the biological screen)
The choice of test procedures and test species is ini, certain 
aspects critical, and those described here have been developed 
by the author, or under his direction over a period of 
twenty years in an attempt to provide a satisfactory compromise 
between the requirements in a stable data-base, necessary for 
structure activity investigations over a long period, and the 
constantly changing targets identified by commercial management. As 
far as possible these conflicting requirements have been fulfilled by 
the adoption of a wide variety of representative crops, weeds, 
diseases and insect pests which provide an overlapping biological 
spectrum covering present, and likely future, major areas of interest 
(Saggers, 1977).
The screening procedure is separated into two stages. Stage I 
involves the easily-reared organisms against which all compounds are 
tested. This stage is essentially used to reject inactive compounds 
and provide standardised data for long term structure activity 
studies. Stage II involves the more space demanding, and variable, 
current commercial target-type organisms and is used to select 
compounds for extensive field trials.
The requirement of the methods to allow for a multiplicity of 
reactions, in order to include the unexpected, has tended to bias the 
nature of these biological tests in the direction of in vivo rather 
than in vitro investigations. The use of in vitro systems is of 
particular value when a quantitative measure of a specific response is 
required, such as the inhibition of growth (Thompson et al., 1946),
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photosynthesis (Truelove et al., 1974), respiration (Kratky and 
Warren, 1971a) and the bioassay of residues (Parker, 1964). They are 
also attractive where space and quantity of compound available for 
testing are severely limited and where speed is important (Parker, 
1964; Kratky and Warren, 1971b). The restrictive nature of these 
tests however imposes a far too narrow definition of activity on an 
unknown compound which makes their sole employment in the preliminary 
activity identification and selection process a presumptive and even 
dangerous strategy (Bradbury, 1970).
The alternative whole organism screen, or where appropriate, the 
complete host/parasite system, has the advantage that the overall 
interference of the chemical with the many, and possibly still 
unknown, vital processes is allowed full rein, without bias from 
existing knowledge. The major criticism of this approach is that it 
is possible for a compound with an exceedingly high degree of activity 
at cell level, through its inability to penetrate the cell wall, to be 
virtually inactive in a whole organism assay. This is a serious 
defect when attempting to design a pesticide on a rational basis and 
can only be met by including both forms of test procedure, in vitro 
and in vivo, in the initial stages.
In this thesis the herbicidal, insecticidal and fungicidal activity of 
compounds is considered and the following sections describe the 
techniques employed.
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2.2.3 The insecticide screen
2.2.3.1 species
Full details of the procedures are described in Appendix I however in
brief the species employed are:
Homoptera
Megoura viciae (Buckt.), the vetch aphid, 
stage : apterous adult females
Lepidoptera
ii) Plutella maculipennis (Curt.), the diamond back moth 
stage : 2nd instar larvae
Coleoptera
iii) Phaedon cochleariae (F.), the mustard beetle 
stage : larvae
iv) Tribolium confusum (Duval), the confused flour beetle 
stage : adult males and females
Opthoptera
v) Blattella germanica (Linne), the German cockroach 
stage : nymphs
Diptera
vi) Musea domestica (Linne), the housefly 
stage : females
vii) Lucilia sericata (Meigen), the sheep blowfly 
stage : larvae
18
Acarina
viii) Tetranychus telarius (L.), the greenhouse red spider-mite 
stage : adult females and eggs
This range of species covers the main taxonomic orders of arthropod 
pests and in addition gives some indication of the potential activity 
against members of the Hemiptera and Hymenoptera. The range employed 
also includes examples of all the development stages, e.g. eggs, 
nymphs, larvae and adults (male and female)jand also includes species 
which chew or abrade foliage, or feed by sucking or piercing. These 
latter factors may be as important in affecting the relative 
susceptibility to chemicals as the taxonomic and biological 
characteristics.
2.2.3.2 test methods
The initial stage I tests involve exposure of the insect or mite to a 
high level of deposit applied in such a way that the potential for 
contact, stomach or fumigant toxicity is allowed full interplay. If 
kill is recorded at the highest dosage rate : which is usually 1000 
ppm : a retest is carried out on a logarithmically reducing range of 
concentrations until less than 50% mortality is recorded during the 
exposure period. The level of toxicity to each species is then 
expressed as the LC50 level (concentration required to kill 50% of the 
population). This is obtained from inspection of the regression line
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produced by plotting the dosage mortality data on log/probit analysis 
paper (Chartwell paper, ref 5275). The results are recorded on 80 
column punched cards described in section 3.2.1 and Appendix III.
Any compound showing sufficient activity against a stage I species is 
progressed to the appropriate stage II. Since these are mainly 
concerned with the selection procedure for field trials and are not 
involved in the structure activity investigations they will not be 
discussed further here.
2.2.4 The herbicide screen
In the stage I herbicidal activity screen two separate factors are 
assessed:
i) the activity as a foliar application; the post-emergent test
ii) the activity in soil against germinating seeds; the pre-emergent 
(pre-sowing) test.
Full details of these tests are described in Appendix I, however 
in brief they involve the use of the following species and 
procedures:
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2.2.4.1 post-emergent species
In the post-emergent test six species are employed to assess the 
herbicidal potential. They are:
Dicotyledons
i) Pisum sativum (L), field pea, var. Onward
ii) Sinapis alba (L), white mustard
iii) Linum usitatissimum (L), cultivated flax, var. Horalta
iv) Beta vulgaris (L), sugar beet, var, Sharpes Klein
Monocotyledons
v) Lolium perenne (L), ryegrass, var. Westerwolthe
vi) Avena sativa (L), cultivated oat, var. Condor or Maris Quest.
The first four represent the broad leaf species and the last two, the 
grass-like species. They also represent a range of plant types, i.e. 
sensitive and resistant (ii and i), easily wetted and difficult to wet 
(ii, iii, iv and i, v, vi), protected and unprotected growing points 
(v, vi and i, ii, iii, iv). Although crops, they have proved to be 
excellent indicators of all existing herbicides, at the dosage rates 
employed, by extensive testing over twenty years. This choice of 
species was also influenced by the necessity of obtaining a reliable
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seed supply, a high level of germination and an even growth rate. All 
of these factors mitigate against the use of weed species initially. 
This lack of weeds however is not a serious criticism of the choice of 
species since the definition of a crop or weed is entirely subjective, 
dependant on the particular situation, i.e. crops may be weeds if 
present in the wrong place.
2.2.4.2 the post-emergent method
All the plants are grown in controlled environment rooms in a standard 
peat/soil/sand compost. The particular mixture used was developed 
partly for its good growth promotion properties and partly for its 
excellent liquid retention, which minimised the labour requirements 
for watering. The light for plant growth is provided by daylight 
fluorescent tubes on a 16 hour light and 8 hour dark cycle giving a 
light intensity of c.10,000 lux at soil level. The plants are sprayed 
with the test compounds at a rate equivalent to 11.2 kg/ha (10 
lb/acre) two weeks after planting and observed for any rapid reactions 
after 24 hours. They are normally assessed for any herbicidal effects 
after 7 days but if any chronic symptoms are noted they are left for a 
further 7 days before final assessment.
2.2.4.3 the post-emergent assessment
The assessment is made firstly on the overall response which is 
recorded on a 0-100 scale, where 0 = no damage and 100 = complete 
kill. In addition to this quantitative record the qualitative effects
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are recorded since these may give a strong clue to the primary site of 
action (Ashton, 1967; Bradbury, 1970). The symptoms particularly 
noted are:
i) scorch or desiccant effects following a loss of turgor : 
indicative of an interference which membrane integrity, e.g. 
bipyridyliums.
ii) growth inhibition : indicative of interference with cell division 
or elongation*e.g., maleic hydrazide.
iii) necrosis : this is a slow discolouration and death of tissues as 
distinct from scorch : indicative of some fundamental 
interference with metabolic processes, e.g. triazines, ureas, 
uracils.
iv) hormone effects or growth distortion : indicative of a 
disturbance of the endogenous hormone balance, e.g. 
phenoxyacetates.
v) pigmentation change, such as loss of chlorophyll (chlorosis) indic­
ative of an inhibition of'chloroplast development, or chlorophyll 
synthesis; or an increase in anthocyanin production : indicative 
of sugar accumulation following a blockage of transport or 
respiration, e.g. amino triazole.
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vi) leaf abscission : indicative of accelerated senescence, e.g. 
ethylene and ethylene releasers.
vii) growth stimulation, such as an increase in axillary bud 
development or tillering: indicative of an interference in auxin 
production by the apical meristem or with transport from it, 
e.g. gibberelins.
viii) cuticular abnormalities such as modification in wax production 
to produce a glossy leaf surface, e.g. dithiocarbamates, 
trichloroacetic acid.
ix) root inhibition or deformities, including emergent or ageotropic 
roots : indicative of interference with endogenous auxin action 
e.g. fluorenols, ethylene.
The plants are examined independently by two assistants who average 
out their scores to produce the final record. This is encoded on 
punched cards for computer processing and is described in section 
3.2.2. Compounds which are active against one or more species at the
11.2 kg/ha rate are repeated at 2.8 kg/ha.
2.2.4.4 pre-emergent species and methods
In the pre-emergent test seeds of six test species are planted in 
chemically treated compost. The six species are identical with those 
used in the post-emergent screen except that B. vulgaris is replaced 
by maize, Zea mais (L). This species broadens the monocotyledon range
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and is particularly resistant to triazines, ureas and related 
compounds. After planting in the soil, which is normally treated with 
a dose equivalent to 56 kg/ha (=50 lb/acre), the seeds are allowed to 
grow for three weeks in the controlled environment rooms. The type of 
symptoms observed are as outlined in 2.2.4.3 except that the 
percentage germination is recorded instead of scorch. Compounds 
active as 56 kg/ha are repeated at 11.2 kg/ha. Full details are given 
in Appendix I.
2.2.4.5 stage II tests
Compounds which are active in these stage I tests are progressed to 
more detailed stage II tests at lower dosage rates involving a wider 
range of plants, including both crops and weeds. Details of these are 
given in Appendix I although the results of these tests do not usually 
play a significant part in structure-activity investigations because 
of their limited application to active compounds only.
2.2.5 The fungicide screen
The stage I fungicidal activity screen is divided into three separate 
phases:
i) the in vitro screen
ii) the soil activity screen
iii) the in vivo screen
Full details of the techniques are given in Appendix Iy however 
in brief they involve the use of the following species and methods:
2.2.5.1 the in vitro species
In the in vitro screen the ability of the compounds, when incorporated 
in agar, to prevent the germination of implanted spores or the growth 
of mycelial plugs of six different fungal species is used as a measure 
of activity. The species chosen are:
i) Fusarium oxysporum f. cubense (Schlecht)
Panama disease
ii) Verticillium albo-atrum (Reinke & Berth) 
stem wilt
iii) Lenzites trabea ((Pers) Fr.) 
a wet wood rot
iv) Cladosporium herbarum ((Link) Fr.)
a paint spoilage species
v) Aspergillus niger (van Tieghem) 
fabric rotting species
vi) Penicillium digitatum (Sacc.) 
blue mould
2.2.5.2 the in vitro method
Tests are carried out in closed petri dishes initially at a dosage 
rate of 1000 ppm wt/vol of media. Activity against these species 
gives a general indication of the fungicidal potency of the compounds 
per se by contact or vapour action. The latter property may be 
extremely important in certain situations, e.g. protection of stored
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products. From a practical viewpoint the species chosen give 
information on the potential for use as seed dressings and industrial 
spoilage prevention applications e.g. in fabric, wood, paint as well 
as post-harvest protectants.
2.2.5.3 soil tests
A soil incorporation screen is carried out which records the ability 
of the compound either to eliminate in the soil the damping-off 
diseases Pythium ultimum (Trow) and Rhizoctonia solani (Prill &
Delacr.) or to allow seedlings to germinate and grow in their presence.
2.2.5.4 in vivo species
An in vivo screen measures the ability of the compounds, when applied 
simultaneously as a soil and foliage treatment, to protect plants from 
foliar infection. The representative diseases chosen are:
Phycomycetes
i) Phytophthora infestans ((Mont) de Bary) 
potato blight, on potato
Fungi imperfecti
ii) Botrytis fabae (Sard.) 
chocolate spot on broad bean
Ascornycetes
iii) Erysiphe cichoracearum (DC.) 
cucumber powdery mildew, on cucumber
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Basidiomycetes
iv) Uromyces phaseoli ((Pers.) Wint.) 
bean rust,.on French bean.
The normal initial application rate is 2000 ppm wt/vol. The 
simultaneous soil and foliage treatment allows for the direct 
protectant action and also any indirect effects through the mediation 
of the plant either systemically or through the activation of the 
plants own defence mechanisms.
2.2.5.5 stage II tests
As in the other biological screens the stage II tests subsequently 
adopted for active compounds depend on the nature of the response 
observed in stage I. If a good in vitro response is recorded this is 
followed by tests at lower rates against more appropriate species. If 
industrial use is indicated i.e. wood, paint or fabric protection, 
such factors as chemical stability, cost, and mammalian toxicity are 
highly relevant. Seed dressing tests may also be initiated. Activity 
in the combined soil and foliage in vivo test will be followed by 
separate soil or foliage tests to determine the relative protectant 
and systemic action. Curative or disease eradicant tests will also be 
carried out. The disease spectrum will also be expanded by inclusion 
of other foliar diseases. The tests and the necessary threshold 
levels are described in Appendix I.
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3. DATA RECORDING METHODS
3.1 Pre-Computer Use Studies
In the first stages of these structure activity studies, i.e., from 
1954-1966, all the biological data derived from the screens was 
recorded in laboratory notebooks and from there transferred to 
individual compound data sheets (for examples see Appendix 2). These 
sheets were circulated to the originating chemists and appropriate 
biologists and, when required, specific correlation summaries on 
related groups of compounds were prepared by reference to the 
appropriate data sheets. This operation was highly labour intensive, 
especially when large numbers (>100) of compounds were involved, and a 
broad spectrum of biological activity needed to be reviewed.
In 1962 an intermediate document was introduced in the form of a 
summary card on which was written a condensed version of all screening 
data. These cards proved to be a valuable aid for preparing activity 
summaries of already chemically identified series, although again 
labour demanding for their compilation. The system however did not 
enable any form of mechanical correlation between structure and 
activity to be made.
Feasibility studies were carried out with edge punched cards which 
combined a brief description of chemical and biological activities, 
similar to that reported by Frear (1958) and Scheele (1961). They 
however proved to be laborious to punch and reproduce, and the
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mechanical sorting equipment was cumbersome and slow in operation. A 
second alternative also examined were optical-coincidence cards (OCC, 
Sichtlochkarten or peek-a-boo cards; Bartels, 1961a, 1961b; Scheele, 
1961). In this system "feature cards" representing a chemical moiety 
or biological property are punched in a specific position; which is 
determined by the chemicals' code number; for every compound 
possessing them. Depending on the size of the card, between 600 and 
18000 punch positions per card are possible. The number.of "feature 
cards" is determined by the number of characters considered necessary 
to describe the compounds' chemical or biological properties in the 
research programme. New "feature cards" may be added as required.
When it is desired, for correlation purposes, to find out which 
compounds possess a specific set of properties, i.e., which compounds 
are active against aphids but have no herbicidal properties, the 
appropriate "feature cards" are selected and held in front of a light 
source. The punch positions where the light shines through indicates 
the code numbers of the compounds which possess the chosen combination 
of features. Although this system has the attraction of visually 
answering complex correlation features quickly it is very cumbersome 
to operate and the cards cannot be reproduced easily for reference at 
will by a large number of staff. An experimental system was developed 
in 1965, and a pilot programme initiated, to use standard 80 column 
punch cards as OCC cards. These had the advantage that they could be 
punched and reproduced by standard punch card equipment. The system 
however proved too limited in capacity for structure activity
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requirements and further development was suspended. OCC systems based 
on punched cards were subsequently reported for information retrieval 
by Callow and Perrett (1966), Starker and Cordeso (1968) and Pickford
(1969).
In 1964 an ICL card sorter (Model 302/0) was acquired to search 
Derwent Agdoc patent literature record cards which were supplied on 80 
column cards. This equipment possessed a 'group select1 feature which 
enabled up to 8 columns or 8 rows in a single column (or combinations) 
in a punched card to be searched simultaneously. The availability of 
this equipment prompted an investigation into its possible use in 
biological recording and structure property studies. The outcome of 
this work was the design of the first chemical structure/biological 
data summary card. This card contained a summary of the chemical 
structure groups, using the fragment code developed by the Chemical- 
Biological Coordination Center (CBCC) of the National Academy of 
Sciences in Washington D.C. (N.A.S., 1950) (see fig. 4 ), together with 
a summary of the biological data on columns. Like the optical 
coincidence cards however the system had a number of drawbacks
i) it was still necessary to refer back to the original records to 
produce meaningful summaries, since only a simple subjective 
estimation of activity could be recorded in the limited space 
available on the card. This was insufficient for detecting 
anything other than simple trends in a series.
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ii) the system was slow to operate on a file of 6000 compounds 
because the group select sorter would only search 300 cards a 
minute and five or more passes might be required to positively 
identify a given chemical fragment using the CBCC chemical code.
iii) the logic of the CBCC code did not give unambiguous structure 
representation when more than one fragment was required to 
characterise a specific chemical moiety.
iv) the chemical code was too complex for use by other than 
experienced chemical information staff.
A similar system was later described by Cobb ejt al. (1970), adapted 
for computer use and Haglind et al. (1968) described a system 
involving 80 column cards with chemical code number, simple physical 
data and a summary of biological screening adopted for computer 
searches.
By the time these deficiencies were apparent in 1966 alternative 
computer facilities were made available through the Accounts 
Department of the company and a feasibility study indicated that the 
potential for computer usage in chemical/biological investigations was 
considerable, with obvious immediate advantages in data storage, 
presentation and correlation. Hence work on the CBCC code was dropped.
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3.2 Computer Techniques : Biological Data
The first decision which had to be made before implementation of 
computer usage was the form of data input. At this time (1966) the 
possible forms of input were:
i) punched paper tape
ii) magnetic tape
iii) punched card
iv) document reader
Of these, the first two are compact, easily stored and provide a rapid 
means of machine input. They however had the disadvantage that they 
could not readily be checked by eye and any manipulation of the input, 
i.e. re-sequencing, was difficult. Both factors increase the 
dependence of the operator on the machine. Punched cards, on the 
other hand, could be designed to be read by eye as well as machine, 
and the minor disadvantage of a slower input rate was more than 
outweighed by the freedom from complete dependance upon the computer 
which the tape input engendered. In addition the pre-printed punched 
cards could be rapidly duplicated (equivalent to document 
duplicating), machine sorted for filing and even searched for simple 
information correlation by the card sorter without reference to the 
computer. Document reading methods have some of these advantages, 
i.e. easy to read and record. However they reduce the flexibility of
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the system to record the unexpected and, at the time of initiation of 
the scheme, were too expensive and unreliable to be justified on 
grounds of cost effectiveness. For these reasons it was decided to 
base the data recording system on punched cards.
3.2.1 The punched card recording system
The punched card used for all data input is the standard 80 column 
card, measuring 82 mm x 187 mm and divided into 80 columns with 12 
rows in each column, giving 960 punch positions per card. The form of 
data recording is the standard 40 character alpha-numeric code 
involving up to two holes per column. This limited form of data 
record was chosen since it was not certain for how long a specific 
computer manufacturer's equipment would be retained and any special 
symbols used by one system are not necessarily compatible between 
manufacturers.
The alternative of binary data input i.e. where all twelve positions 
in a single column are used independantly, was not possible since a 
binary digit reader was not available. Cards were designed around 
this constraint (Saggers, 1970, 1974, and 1976) to record all 
biological data. Dammers and Gallagher (1970) reported a slightly 
simpler system developed along the same lines at Shell. As far as 
possible the system of data recording on the card was designed to 
reduce the subjective element to the absolute minimum by recording the 
actual observations. This allows the criteria for "activity" or 
"inactivity" to be varied with time by altering the parameters of the 
computer search programs rather than reprocessing the actual 
experimental results.
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3.2.2 The herbicide record card
To illustrate the concepts and philosophy of the system,the card design 
used to record the initial herbicide tests is discussed briefly here. 
The full details of all the cards developed to record the herbicide, 
insecticide and fungicide data are given in Appendix 3. The design of 
the herbicide post/pre-emergent card is shown in figure 1. In this 
card columns 4-8 contains the code number of the compound which refers 
to a specific chemical structure. Columns 4-8 on all cards contain 
this number to allow record filing in numerical order to be carried 
out by sorting on these columns. Column 9 and 10 contain a two-letter 
code allocated to the originating laboratory or chemist. The actual 
results of the screen are recorded in columns 11-74. This space, or 
card field, is divided into 7 sections representing 7 species, each of 
9 columns.
In the first column of each section the overall herbicidal score of 
0-100, made in the original assessment for each species,is encoded as 
follows:
Herbicidal Score Computer Code Description
0
1 - 9 
10 - 24
0
1
2
inactive 
very slight 
slight
35
2 5 - 3 4  3 fair
3 5 - 4 9  4 moderate
5 0 - 6 4  5 moderate to marked
65 - 74 6 marked
7 5 - 8 4  7 severe
85 - 94 8 very severe
94 9 complete kill
The abbreviation of the score was necessary to enable the results of 
all the species to be recorded on one card. Its non-linear code 
representation was based, as the time of card design, on the need to 
be able to identify and recognise the extremes of the dose response 
reaction, i.e. completely unaffected or killed plants. Additionally 
it was recognised that/following from the sigmoid dose response curve^ 
reactions in the centre of the dose response range are more variable 
and need to be given a larger score range. This system has proved to 
be entirely satisfactory for the majority of the structure/activity 
correlations, although its lack of linearity needs to be compensated 
for in certain statistical studies reported later.
In the remaining 8 columns for each species the qualitative response 
of the compound is recorded.
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Figure 1. 80-column punch card for recording herbicide screening
results. On this card compound 1066 at a rate of 56 kg/ha 
(800 oz/acre) in the pre-emergent test scored 0 against 
peas, 9 against mustard, 5 against linseed, 7 against 
ryegrass, 5 against oat and 0 against maize. The average 
score was 5 and the symptoms noted were germination inhibition 
growth inhibition, abnormal pigmentation (chlorosis) and 
some growth stimulation (tillering).
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In the case of the post-emergent tests these are scorch effect, growth 
inhibition, necrosis, hormone (formative) effects in stem or foliage, 
abnormal pigmentation, growth stimulation (including tillering), 
cuticular abnormalities and finally root deformities. For the 
pre-emergent record the first qualitative response column is allocated 
to germination rather than scorch. Each response is coded on the 0-9 
scale. The species recorded in each group of columns is constant for 
the type of test being encoded, i.e. columns 56-64 relate to sugar 
beet in post-emergent tests and maize in pre-emergent. This fixed 
field record simplifies the programing of data recording and 
subsequent data searching. The arithmetic mean of all the individual 
herbicidal scores is coded in column 65. In columns 66-74 of the 
post-emergent record card the results of a growth regulant test with 
French bean, Phaseolus vulgaris, is recorded in the same manner as the 
other screens. In column 75 the dose rate employed is indicated (in 
the card illustrated this is given in oz/acre), whilst in column 76 is 
recorded whether stage II tests are to be carried out, and what type, 
i.e. whether against monocotyledons or dicotyledons, or both. Columns 
77-79 are used to indicate the nature of the record to the computer, 
i.e. herbicide, insecticide or fungicide; whether herbicide 
post-emergent or pre-emergent, or fungicide in vivo or in vitro; and 
whether the result is the first, second or third in the series.
3.2.3 Modus operandi of card recording and data storage
The system of data processing using the card records is summarised in 
figure 2. The results of the tests are recorded from the experiment 
onto record sheets which are designed to follow the general format of 
the punched record card. These record sheets are sent to a card punch
Figure 2- Generalised Data Flow Procedure
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operator who enters the data onto the card using an IBM type 26 
printing punch.
3.2.4 Data presentation
Once the biological data is entered into the magnetic disc file it is 
available for print-out. Any form of presentation of the biological 
data is possible provided that the information is contained in the 
file and it is within the constraints of the line printer in use (an 
ICi. 7527 giving 120 print positions/line).
Again by way of illustration figure 3 shows one form of presentation 
of the herbicide record. In this, the activity of each compound 
against the test species, over the whole dosage range, is summarised 
in a single line. From a glance at this print-out it can be seen that 
compound 2925 (item 3) in the pre-emergent screen is inactive at 11.2 
kg/ha, whilst 3395 (item 5) is highly active even at 2.8 kg/ha. 
Compound 2008 (item 2) is of interest since it is highly active 
against all species except maize, which is resistant, i.e., the 
compound shows signs of a selective potential.
In this example of a print-out designed to give a general summary of 
activity the specific symptoms recorded for each species are not 
given. However the alphabetic symbols on the right-hand side do give 
a brief summary of the qualitative response. These symbols are 
triggered at pre-determined threshold levels built into the print-out 
program, which can be altered in the light of experience. From this 
it can be seen that 2008 (item 2) produces only necrosis as a symptom 
whilst 3192 (item 4) produces both germination inhibition as well as 
necrosis.
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Figure 3' Example of Herbicide Data Print-out.
HERBICIDES : pre  -EMERGENT DATA 
APPLICATION 5 6 .0  1 1 .2  5 .6  2 .8
RATES IN 0 0 0 0
KG PER HA P M L M T R M P M L M T R M P M L M T R M P M L M T R M
E S N 2 /  Y E : E S N Z / Y E : : E S N Z / Y E :: E S N Z /  Y E :
ITEM NC SCE : A T D E B E A A T 0 E B E A A T D E B E A A T D E B E A SYMPTOMS
A* N A* N A* N A* N
1 01677 UA 9 9 9 9 9 9 9 9 9 9 8 8 9 9 9 9 9 7 9 7 8 IGNFC
* * *
2 02008 XG 8 9 9 2 9 9 7 9 9 9 0 .9 9 8 7 9 9 0 9 9 7 N
3 02925 XI 0 0 0 0
if
0 0 0
4 03192 DU 6 9 9 5 8 9 8 7 9 9 4 8 9 8 3 9 9 2 6 9 6 2 9 9 0 6 9 5 IN
5 03395 XD 9 9 9 9 9 9 9 9 9 9 8 9 9 9 9 9 9 7 9 9 9 9 9 9 7 9 8 8 IGFR
6 • 04287 FI 9 9 9 9 8 9 9 9 9 9 4 5 7 7 IGNFR
HERBICIDES: Post-EMERGENT DATA
1 1 .2  5 .6  2 .8  1 .4
R 0 R 0 R 0 R 0
P M L Y T S M  P M I Y T S M  P M L Y T S M  P M l Y T S M
E S N / / G E :  E S N / /  G E : E S N / / G E :  E S N / / 6 E :
SCE : A T O B B R A  A T D B B R A  A T D B B R A  A T D B B R A  SYMPTOMS
UKa* N U*A* N U*A* N U*A* N
1 01677 MA 3 8 8 7 6 9 6 3 4 4 7 4 6 4 3 4 3 6 4 4 4 SGNFC
K * r u Af *
2 02008 XG 3 .9  4 5 2 6 5 2 9 2 5 2 5 4 1 6 3 5 2 5 4 SN
3 02925 XI 8 9  9 9 *9 *9  8 4 9 9 9 *9 *9  8 3 9 9 9 *9 *9  8 2 9 9 9 *e *9  7 SNC
4 03192 DU 4 9 9 9 *2 *9  7 2 9 9 9 *2 *9  6 NW
5 03395 XD 9 8 9 9 *3 *8  7 6 6 5 9 *1 *4  5 SGNF
6 04287 FI 7 9 9 2 2 9 6 6 8 8 3 2 9 6 5 7 5 2 0 9 5 4 7 4 2 0 8  4 SGNF
Keys 1. Compounds
1677 ■ A m in o trIazo le  
2008 ■ Simaz ine  
2925 ■ D lquat d I bromide 
3192 -  L Inuron  
3395 -  P lc loram  
4287 .  MCPA 
3 . Species
MST .  Mustard  
LND ■ Linseed  
RY ■ Ryegrass
8U ■ BuckwheatX, obso le te  sp. 
OT .  Oat
BA ■ B a r le y * , obso le te  sp. 
SGR m Sugarbeet 
MZE •> Maize
2 , Symptoms
S > Scorch 0 2 5 ^ )
G ■ Growth In h ib it io n  (>25^)
N ■ N ecrosis  (>2556)
F .  Deformi ty  
C > Abnormal p igm entation  
A -  Leaf ab sc lss I on 
T ■ Growth s tim u la t io n  
W .  Abnormal c u t ic le  
Rm  Root In h ib it io n /d e fo r m ity .
I ■ G erm ination In h ib it io n  0 2 5 X )
^At any le v e l
APPLICATION 
RATES IN 
KG PER HA
ITEM NC
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The sequence of the compounds listed, either in numerical order or in 
chemically significant sequence is program determined. In the case of 
structure correlation studies the latter form of output is the most 
valuable, however before this is possible it is necessary to develop a 
system of chemical structure recording.
3.3 Computer Techniques : Chemical Data
3.3.1 Codes and notations
For effective chemical structure storage, retrieval and correlation it 
is necessary to identify and index compounds so that subsequent 
location is possible, and to classify and arrange them so that related 
or generic structures can be grouped for consideration of their common 
features. While the structure code must meet several requirements the 
two major needs are the ability to provide a unique specific address 
for the compound and the ability to group together compounds with 
similar structural characteristics. In practice these functions of a 
code are often mutually exclusive and the description that performs 
well for ordering is frequently inadequate for generic classification, 
and vice versa, e.g. in nomenclature names that are suitable for 
indexing are poor for generic organisation (Bonnett, 1963).
The unique identification requirement is fulfilled by three methods of 
specific address:
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i) a systematic name : "word name",
ii) a line notation : "cluster name",
iii) an identification number : "number name".
Basically these "names" are descriptors of the two dimensional 
structural formula which represent chemical reality. These 
representations differ in the characteristics and information they 
contain. Thus verbal names can be communicated by speech or print and 
the word description can be derived from or transposed into, a 
structure by experienced workers. Ciphers do not have convenient 
speech equivalents but again those who know the rules can derive the 
name. Identity numbers are usually meaningless in themselves and 
require additional references to convey structure.
Dyson (1953) emphasised that in the nomenclature of any science we 
must distinguish between a convenient general language for every day 
use (simple, trivial or trade names) and a legal language where terms 
are strictly defined (unique, formal names). These latter systematic 
names are convenient tools for identification and indexing but they 
provide a poor basis for a meaningful classification even though there 
is often a hierarchy of defined functional segments which have some 
capability of generic organisation through its syllable and roots.
The value of this however is very limited by the scattering of 
alphabetical listings (Loev, 1961). The syllable root of Chemical 
Abstracts and parent-class hierarchy classification of Beilstein's 
"Handbuch" are examples of such systems.
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3.3.1.1 fragment codes
As an alternative to word name classification the fragmentation method 
represents a compound as a composite of structural features. More 
than thirty such fragment codes of varying degrees of complexity have 
been developed, the most important being the Wiselogle code (Arendell, 
1961), the Frear code (Frear, 1958), the CBCC code (Anon., 1950), 
Ringdoc (Steidle, 1957), GREMAS (Fugmann et al. 1961, 1963; Duffin, 
1961). All were developed in response to the need for information 
retrieval on the basis of generic traits, and primarily emphasize 
substructure classification.
One of the significant differences in the fragment codes is in the 
size of the defined substructures. The CBCC code uses relatively 
large segments in comparison with the Wiselogle code. Several (Geer 
et al., 1962) permit adjacent atoms to be included in more than one 
fragment and a few interrelate structural parts by a numerical 
framework (Opler and Norton, 1956). "Each code includes refinements 
related to the specific need or limitations of the available 
equipment, but all the fragment codes function by representing 
compounds through a collection of pieces, as in a jigsaw puzzle," 
(Huber, 1965).
The CBBC code was chosen for the early studies described here and some 
examples of coding are given in figure 4 but for reasons explained 
(3.1) this system was abandoned.
Fig. 4 Examples of CBCC Code 44
Name and Structure CBCC Code
C a rb a m ic  a c id , m e th y l- ,  d ie s te r  w ith  th ym o ' 
hyd ro qu ino ne
C H 3
c h 3 n h c o o /  \ o o c n h c h 3 
c h ( c h 3 )2
4 H - P y r id o [ l  ,2 -a ]p y r im id in e -3 -c a r b o x y l ic  
a c id , 4 - o x o - 7 - m e t h y l - ,  e th y l e s te r
6 3 4 .2 - N Y R . l  -J^ 7Z .l -j^99 .5
H 3 c  S . n  Jc o o c z h 5
646.1  -F 5 0 .1  - G F D . l  -G G 4 .1  -H 3 4 .1  -^ 8 9 .1  -J^99.2
C a r b a m y lc h lo r id e ,  d ip h e n y l-  
N -C O C 1
K e to n e , 5 - c h lo r o -2 - th ie n y l  m e th y l,  s e m i-  
c a rb a z o n e
s 9H3 
C1|  c = n n h c o n h 2
1 ,4 -P ip e r a z in e d ic a r b o x y l ic  a c id , d ie th y l  
e s te r
C 2 H 5O O C N  n c o o c 2 h 5
6 5 2 .1 - D 2 2 .1 - N Y R .2 -^ 9 9 .1
6 2 0 .1 - J 6 5 .1 - K P 9 .1 - L 3 2 .1 -^ 8 9 .1 -^ 9 9 .1
6 3 0 .2 -G F K .l  - ^ 8 9 .2 -^ 9 9 .2
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3.3.1.2 cipher notations
Cipher or line notations use letters and symbols in a linear sequence 
to describe the structure. Generally the characteristic segments and 
atom relationships in a molecule are represented by assigned letters, 
numbers and symbols which can be printed and manipulated by machine 
methods. Through a series of hierarchial rules a unique notation can 
be assembled to depict a specific structure. In one sense the cipher 
is a name whose use is feasible in writing but not in speech. It is 
also a code with an internal meaning from which the structure can be 
generated.
Substructure information in notations is conveyed by the individual 
cipher symbols and their combination, and a generic retrieval is 
accomplished through symbol comparison, similar to the searching by 
fragment descriptors. Because of the precision of the cipher codes 
however, the selectivity in searching is more definitive than in 
fragment matching.
The main cipher codes are Dyson (1947) Wiswesser (1951, 1954) and 
Hayward (1961). They differ primarily in the emphasis and precedence 
given to individual structural features, but they all combine the 
ability to identify structures for indexing and to delineate 
structural components for classification. Figure 5 illustrates the 
structure 4-amino-benzoic acid translated into the three different 
notations.
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In the work described in this thesis the cipher notation chosen was 
the Wiswesser Line Notation (WLN). This system was adopted since at 
the time these studies commenced, in 1968, it was the most compact 
notation and possessed the most straightforward system of rules 
(Smith, 1968) which made encoding, and more particularly decoding, a 
relatively simple process. A detailed description of WLN is given in 
section 3.3.2.
Figure5 4-aminobenzoic acid transformed into Dyson, Wiswesser and 
Hayward Notation (after Ohnacker, 1969).
Notation
System
0
i t
H2N - ^ " ^ C - 0 H
Linear Notation
Fragment symbols
NH2 arom
C 0
C COOH
0
I I
c = 0 OH
Dyson B6C X1N4 N - B6 C X - - -
Wiswesser ZR DVQ Z - R - - V - Q
Hayward 6R(CVQ)RRRZRR Z R 6R - - - V Q
3.3.1.3 topological codes
A topological code is a structure description showing the atom-to-atom 
connections in a compound with the atoms as nodes and the connections 
as branches of a network. In many ways the code can be regarded as a 
mathematical picture of the complete structure and the corresponding 
matrix representation is a numerical analogue and structural model 
which can be manipulated by the computer using network analysis 
techniques.
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The earliest suggestion for a topological system designed solely for 
computer use was made by Mooers (1951). The method involved the use 
of a connection table in which each atom and bond was explicitly 
identified. It was first adopted and tested for substructure search 
on an experimental file of 250 compounds by Ray and Kirsch (1957). A 
matrix system involving the punching of chemical structures line by 
line was described by Waldo and DeBacker (1959), and from these have 
been developed many systems and variants, e.g. Waldo (1967), Gluck 
(1965), Morgan (1965), Hyde (1967), Ohnacker (1970), Rossler and Kolb
(1970), Eakin (1975). A recent review of these systems is given by 
Ash (1975).
In this study only a limited recourse to topological coding has been 
made; and this only a manually generated code to derive certain 
atom-to atom connections; since programs were not available and the 
extensive manpower needed for writing could not be justified without 
proof of value.
A summary of coding systems is given in figure 6.
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3.3.2 Wiswesser Line Notation (WLN)
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In this section the major rules of WLN are outlined so that subsequent 
references to applications of WLN may be understood more clearly.
Full details of the rules are described by Smith (1968) and Smith & 
Baker (1975).
3.3.2.1 symbol set
The basic alphabet or character set from which WLN is constructed 
comprises the upper-case letters A to Z, the numbers to 9 (numerical 
zero is slashed in text to distinguish it from letter 0), and the four 
punctuation marks: & (ampersand), - (hyphen), / (slash) and the blank
space. Lower case letters are not used since they are not available 
on many computers and mechanical data processing machines. The blank 
space used in conjunction with the other symbols effectively doubles 
the size of the character set, i.e. characters preceded by a space 
have a different meaning from those without.
Letters and number not preceded by a space generally represent small 
fragments of the chemical structure, either individual atoms or small 
commonly-occurring groups of atoms. Many of the normal international 
atomic symbols are used with no change in meaning, though written in 
upper case only and enclosed within hyphens if a single atom is 
represented by two symbols. Thus, boron, fluorine, iodine, phosphorus 
and sulphur remain unchanged as B, F, I, P and S whilst iron becomes 
-FE-. Since chlorine and bromine occur frequently in compounds they 
are assigned the single letter symbols G and E to bring them in line 
with the other halogens.
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Hydrogen atoms are usually inferred implicitly in the notation rather 
than explicitly, as in many structural diagrams. The other frequently 
occurring elements in organic compounds, i.e. carbon, nitrogen and 
oxygen are represented in a variety of ways according to the nature of 
their bonds. The symbols are listed in table 4.
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Table 4 Wiswesser Notation Symbols for Carbon, Nitrogen and Oxygen
Element
w Ln
Symbol Environment
Carbon C Carbon atom in special cases, as in -C=N, 
=C=
1,2,3 etc Unbranched, internally saturated alkyl chains 
of the indicated number of carbon atoms, 
e.g. 1 represents -CEL, -CH -, -CH= 
but not -CH^ , -C- 
2 represents -CH CH_, -CH -CH - 
but not -CH=CH-, CH^CHC
Y Carbon atom attached to three atoms other 
than hydrogen, i.e. -CH^
X Carbon atom attached to four atoms other 
than hydrogen.
Nitrogen N Nitrogen atom, hydrogen free, attached to no 
more than three other atoms
K Nitrogen atom attached to more than three 
other atoms, e.g. +N£
M ^NH or = NH group
Z NH2 group
Oxygen 0 Oxygen atom, hydrogen free; but excluding 
carbonyl or branched dioxo groups, e.g.
N°2> S02
Q -OH group
w Branched dioxo-group, e.g. SO^, N02
V Carbonyl connective group^C=0
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Unsaturation is sometimes implicit, e.g. CN for cyano, and sometimes 
explicit, as in alkenyl or alkynyl groups. The symbol U indicates a 
single unsaturation, i.e. a double bond, and UU a double unsaturation, 
i.e. a triple bond.
The single unfused benzene ring is such a common fragment that it has
been given its own symbol, R.
3.3.2.2 chain notations
The notation for a given structure is formed by stringing together the 
symbols in the order in which they are connected starting at the
symbol with the highest priority. The priority sequence in ascending
order is: space, &-/012....AB....Z.
Some simple examples are:
Structure WLN
C1C0C1 GVG
and
e.g CH2CH=CH2 is 2U1 
CH2C=CH is 2UU1
2M2
c2h5oh Q2 (Q later than 2)
c h 2=c h c n NC1U1 (N later than 1)
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For branched chain structures there are rules to determine which chain 
starts the notation and in which order to cite the side chains. The 
ampersand (&) is used to show the end of the side chain. This is not 
necessary however when site chains end in terminal symbols such as Q 
or G. In more complicated examples it is often helpful to write down 
the symbols in a two dimensional form - the graphic formular - and to 
determine the correct WLN notation from this.
3.3.2.3 benzene ring systems
Simple unfused benzene rings (R) are treated like any other branching 
group when it has three or more substituents. The position of the 
substituents on the ring are shown by locants; letters assigned 
consecutively to atoms in the ring. The substituent cited before the 
R symbol is assumed to have the 'A' locant and the locant for each 
following substituent chain is cited immediately before the chain 
preceded by a space to indicate that it is a locant and not an atom. 
Examples of the codes for two common herbicides are shown in figure 7.
Figure 7 - Derivation of the WLN in two herbicides
(HCON 3
i \  n o c h
iCHoC00H
.CH
Structural formula 1) Linuron
Cl Cl
Graphic formula 01 VO 
I
(showing WLN connections) R-G R-GI
G
I
G
WLN GR BG DMVN&01 QV10R.BG DG
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3.3.2.4 contractions
In the original rules for coding it was recommended that the notation 
could be contracted by the elimination of the common methyl group 
without introducing ambiguity. Contractors could also be introduced 
in cases where the structure contained two or more large identical 
groups. The repeated group was indicated once followed by a 
multiplier (a numeral preceded by a space). This convention was 
subsequently dropped when it was found unnecessarily to complicate 
computer search programmes. The standard notation is now the 
uncontracted notation. As this work spans several years the early
studies were conducted with the contracted notation, the later with
the uncontracted.
3.3.2.5 other rings
Structures involving rings, other than benzene, are written by first 
citing the ring system using a special ring notation. This ring 
notation is bracketed from the rest of the symbols by use of special 
ring signs. The symbol L starts carbocyclic rings, and T
heterocyclic rings, and both are closed by a J.
Between these two symbols a number or series of numbers, indicate the 
size of the ring or rings (if fused) with locants to show the 
positions of fusion. The heteroatoms are then indicated and any 
special carbon atoms. Some simple examples are shown in figure 8 .
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Figure 8 - WLN for heterorings
Structure WLN
d c
T50J BVH
O
i
C H 3- ^  ' ^ y C H 3
C  H 3
O
C L T^ N V ' ' ' T\
e d ^-CF,
a b
H
a) L6V DVJ B1 Cl El Fl 
(uncontracted notation)
b) L6V DVJ B C E F  
(Contracted notation)
T56 BM DNJ CXFFF GG
CH2CH2NCC2h^ )2
T C666 BN ISJ B2N2&2
The WLN is entered into the computer from a punched card containing 
the WLN in columns 11-76. The other columns are used to record 
chemical number (columns 4-8), chemist code (columns 9 and 10) and 
computer codes (columns 77-79), as with the biological cards (see 
section 3.2.2).
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3.3.3 The Chesterford linear code
3.3.3.1 the problem
Although the Wiswesser Linear Notation (WLN) is a powerful tool for 
substructural searching it is far from ideal for the presentation of 
structural information where emphasis is being placed on minor 
variations of a central structural theme. This is particularly 
important where structure lists are used in conjunction with 
biological activity tables for structure-activity studies. Without 
considerable experience in WLN it is not easy to visualise immediately 
the key differences between the listed structures because the rules of 
WLN may dictate that the same essential structure shall be written in 
several different ways depending on the priorities of the other groups 
present. The ideal solution is to produce a list of conventional 
structure diagrams for use in conjunction with a biological summary. 
However this is laborious to produce by hand and expensive by machine, 
especially when, as is frequently the case, more than 100 structures 
are being compared.
Hence to facilitate the interpretation of biological activity tables
there is a need for a computer compatible notation which will list
structures in a simple, readily interpretable, format. The
Chesterford linear notation was therefore developed by the. author to 
fulfil this requirement.
The difficulties in interpreting WLN are illustrated in fig 9 in 
which seven benzoic acid variants are listed. In column 1 the 
conventional structures are given. In column 2 the appropriate WLN's
Figure 9 A comparison of the structural formulae, WLN and Chesterford 
Linear code of seven benzoic aciu derivatives.
Chesterford Linear codeWLNStructure
Skeleton : Substituents
COOri
1-C02H;2-MEj 4-CLPHQVR DG B1
f.
Cl
J CCQH
Me 1-C02H;2-ME; 5-CLPHQVR CG F1
i
I
M
PH/UREA : 1 -C02H; 3-ME; 4-NHC0.MyIE2: QVR C1 DMVN1&1
i
[HCOiMMe,
* t'i
1-CG2Hj 3-CME3> 4- CLQVR DG CX1&1S1 PHi
I
CMe,
i
i
ii :0DMe
1-C02ME;2-PR.3R BV01 PHII
i
i
i COOEt
I
i
1-C02ET14-(3—CL—PMjPHGR CR DV02
i
r I
I
i
!
COCH
1-C02H:3-C1:4-NC2WNR BG DVQ PH
I l-Cl
ti
NO
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are listed. The variations in the first four compounds are not too 
difficult to visualise since all start with the symbols "OVR...", 
i.e. benzoic acid, because the alphabetic symbol "0 " for hydroxyl 
takes precedence over the "G" symbol for chlorine, or 1 for methyl.
In compounds 5 and 6 however, the numeric symbols for the ester 
function places the carboxy moiety in a lower priority than the 
other ring substituents, whilst in compound 7 the "WM symbol of the 
nitro group takes precedence over the hydroxyl "Q". Thus looking 
down the list of WLNs it is difficult to appreciate the relative 
significance of the variations present.
3 .3.3.2 the Chesterford linear code (CLC)
The line code described here was developed to overcome this problem.
The system was designed to fit the 80 column punched card and use 
only upper-case alpha, numeric and punctuation symbols of the 
standard line-printer. Column 3 in fig. 9 illustrates the CLC for 
the benzoic acids.
To encode a compound the structure is first split into two parts: 
the descriptive skeleton (cols 11-30 on the card) and the substituents, 
(cols 32-75). The descriptive skeleton indicates the basic part of the 
molecule to which the substituents are attached. It is a flexible feature 
and the same compound may be given different skeletal descriptions 
depending on the the nature of the series under consideration. For 
example in fig. 9,compound 3 could be given the skeleton description of 
MPH"(enyl) or UREA, according to whether the series was concerned with 
variants of the phenyl group or of ureas.
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The substituent code describes the moieties attached to the skeleton, 
in the priority order normally used in chemical nomenclature. Where 
possible the common functional groups are abbreviated in the con­
ventional manner to save card space: for example-
a methyl group (CH^) is ME 
an ethyl group (C^H^) is ET 
a propyl group is PR
an iso-propyl group is IPF 
an allyl group ( C ^ C H ^ H ^  is ALLYL 
The larger alkyl groups are represented by the symbol "C" plus a 
number representing the number of carbon atoms, e.g. nonane is "C9". 
The terminal point of each branch from the skeleton is indicated by
t
a semi-colon. Brackets are used as in chemical nomemclature, where- 
ever it is necessary to avoid ambiguity.
In the case of a simple linear structure it may not be necessary to 
use a skeleton descriptor and the field may be left blank. Alternat­
ively one can be used to indicate the general nature of the compound, 
which is not a strictly skeletal description, e.g. ACID. In this case 
the descriptor is preceded by a slash mark "/". In compound 3 of 
fig. 9 the descriptor used is the phenyl group "PH11, and the term 
"UREA" after the slash mark is an additional descriptor, which is not 
used in conjunction with the substituent code.
In practice this form of linear code has proved to be easy to prepare 
manually, rapid to print by computer, and readily understood and
d
accepted by the chemists. It has foui^ considerable use as a structure 
key in conjunction with biological data summary tables, produced by 
computer for simple structure optimisation studies. For this purpose 
alone it has proved superior to WLN.
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4. THE WISWESSER LINEAR NOTATION (WLN) AS A TOOL FOR STRUCTURE
ACTIVITY STUDIES
The Simple Index
WLN is, as described in sections 3.3.1.2 and 3.3.2, a unique and 
unambiguous method of representing a chemical structure by a linear 
set of letters, numbers, punctuation symbols and spaces. The 
uniqueness of the notation, i.e. there is only one possible WLN for 
each molecular configuration, makes is particularly valuable as a 
means of indexing structures. The arrangement of structures according 
to an alphabetical listing of the WLN enables the ready location of a 
particular structure in a large data base (Wiswesser, 1954; Benson, 
1953; Bonnett and Calhoun, 1962). This absolute reference feature is 
essential if the same compound is not to be prepared more than once in 
time by different chemists. An example of such an index is given in 
figure lp. Using this same index all members of a specific class may 
also be located provided that the key symbols of the class appear at 
the beginning of the notation, as with heterocyclic (initial letter 
"T") or alicyclic (initial letter "L") compounds; i.e., all pyridines 
will be found under "T6NJ...11. Unfortunately within a series not all 
closely related compounds will always be found together, because of 
discontinuities introduced by the locant notations or the rules for 
side chain priorities.
10 Alphabetical Listing of WLN
03191 1N1&VNR 
02072 1N1&YUS&S 2 
07116 10VMR COVMR C 
07820 1SX1UN0VM1 
12481 1VMP0SS1S01 
00693 1V0-SN-R&R&R 
00261 1Y&0PS&S1VM1&0Y 
05984 . 2N2&VYGUY&0P0801&01 
10035 20VNYUS&M 2 BR 
00857 20VYR&SPS&01S01 
03337 2YSR CNW ENW B0V1UY 
11740 2YSR CNW ENW BOVOY 
02071 6Y&R CNW ENW B0V102
03192 GR BG DMVN1&01 
13542 GR BG DNVR&YV02 
03146 GR DSWR BG DG EG 
03150 GXGGXQR DGSR DG 
12483 GXGGYNVHMR CG DG 
06333 FXFFR CMVN1&1 
02608 FXFFR CNW ENW DN3&3 
01679 GR BG DMVN1&1 
07587 GR C DNU1N1S1 
03233 GR DXQR DG&VOY
05942 GXGFSNR&SWN181 
01110 GXGGY0V3&P0SD1S01 
02971 GXGGYR DGSR DG 
03079 GYGUYG1SVNY&&Y
17035 L3TJ A A BV01R CORS& C1UYGG 
02313 L66J BOVM1 
02952 L6TJ AG BG CG DG EG FG 
12696 L6TJ A- 3-SN-Q •
01115 MUYZM12 SQV1 
14659 MUYZM8 2N SQV1 3 
05266 NCR-/G 4 ECN 
11475 NCS1SWR BG DG EG
05943 NCS20204
04287 0V10R DG B &-NA-
05644 Q-SN-R&R&R
* Standard pesticides, see Appendix IV.
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4.2 The Permuted Index
4.2.1 External systems
In 1964 Sorter et al.reported that the principle of indexing could be 
extended from whole structures to the functional units within the 
structure and produced an index in which the symbol for each unit was 
given priority in a permuted form similar to that used for the 
key-word-in-context (KWIC) indices of "Chemical Titles". The initial 
trials were carried out by punching as many 80 column cards for a 
compound as there were symbols in the notation, with the notation 
staggered on the cards so that each symbol was placed on column 44 in 
turn. By sorting on column 44 in alphabetic order, and printing the 
result a form of permuted index was produced: - see fig. 11. In this 
index alpha symbols had priority over numeric and a space over either.
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Fig U : Sample permuted index (from Sorter et al. , 1964):
permuted on carbonyl symbol (V)
WLN
Cpd No. Index
Col. 44 
*
1 ZR CVH
2 T6NJ BVH
3 WNR DVH
4 VHRG
5 VHR2N1&1
6 VHX4&3
7 VH6R D2
8 VH7V2M2G
9 2V01
10 QV1
From a pilot study with 120 compounds, using multiple cards per 
compound, they found that it was not necessary to index each symbol of 
the WLN but only those for the functional groups. Hence in a 
subsequent study (Granito et al. , 1965a), still using multiple card 
entry, they eliminated the locant, ring closure and branch terminator 
symbols, as well as branched carbon symbols (e.g. J,X,Y,& and T).
With this index they were able to locate rapidly any desired class of 
compound or compounds having the same functional group.
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A whole, ly card based system however is impractical for a large 
chemical file (say >1000 compounds) and a permuted index produced by 
the computer from a single card entry was later developed (Granito et 
al, 1965b). An additional item added to the system at this stage was 
a "QUICK-SCAN" feature. In this the key functional symbols present in 
a notation were abstracted and summarised in the left hand margin of 
the permuted index.
This it was claimed provided a valuable aid to the user of the index. 
If, for example, it was necessary to list all pyridines possessing a 
chlorine atom, the pyridines would be found quickly in the index by 
turning to the UT6NJ...." section. However to find all those 
containing chlorine, the reader would need to scan fully each notation 
in turn. This can be carried out more quickly by looking for the 
symbol "G" in the QUICK-SCAN summary. The "QUICK-SCAN" was later 
alphabeticalised for even easier reference.
Using this system Granito et al coded 55,000 compounds in the Diamond 
Alkali file. They found that 99.9% of the compounds could be 
accommodated within 60 columns of the 80 column card and 85% required 
20 columns or less. On average 5.5 entries were generated per 
notation; i.e., over 300,000 entries for the 55,000 compounds. This 
was later augmented with an index of reactants (Gelberg, 1966).
Others subsequently reported permuted index systems (Horner, 1966) and 
by 1970 (Smith, 1970) over 30 U.S. and European organisations were 
using WLN indices.
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Granito later reported (1968) the inclusion of biological data with a 
permuted WLN index as a means of bringing together chemical structure 
and activity. In this the permuted chemical symbol was still printed 
in the centre of the page with the other symbols disposed either side 
of it and the biological data presented in numerical code on every 
other line. He claimed that this system resulted in little loss of 
readability or search speed although it doubled the size of the 
index. An example of this format is shown in fig 12.
Combined permuted WLN and biological data index of Granito* ’■ ■ !!»■■■! *—■ i ■ ■ ■ i     I ■ ■ ■! m wm,, mmmHi m
(1968)
COMPOUND
NUMBER
CODED
DATA WLN
*
P13.228B
P13.128A
(015-*72014(
(031-*00014(
T6NJ AO BSYZUM &GHH 
(000043210(
T6NJ BOPS&02&02 CG EG FG 
(00---- 231 (
P13.151D T 6NJ BV03 EV03 
(0000000000( (*00000000(
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It was further pointed out that in place of the coded biological data 
any other form of information could be included. Haglind et al. (1968) 
later reported on a similar system at the Olin Mathieson Chemical 
Corporation which included 52 specific biological test results (from 
fungicide, herbicide, insecticide and nematicide tests) on a single 
card in an abbreviated format. Searches of this data were used in 
conjunction with a separate permuted WLN file to list compounds 
related to any compound of promise in the screening tests.
4.2.2 Internal systems
4.2.2.1 permutation program
As explained in section 3.3.1.2 the WLN notation was chosen as the 
preferred notation for these studies because of its superiority over 
other systems at the time and the potential simplicity of writing 
programs for its manipulation. This constraint has been an overriding 
factor in all the work reported here because of the limited facilities 
(and time available) for programming.
The first permute program (SC04) was written in Cobol for use on an 
ICL 1902T, and designed to input from 80 column punched cards with the 
following layout:
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Column Field description
1-3 Not used
4-8 Compound code no. standard for all
V
biological/ chemical data input cards.
9-10 Compound source
11-61 WLN (left justified)
62-76 Quickscan code
77-78 Card code
79-80 Not used
This layout is similar to the biological data cards (section 3.2.2).
The permutation was conducted according to the following rules:-
a) take the first symbol in the notation and permute on it, whatever 
it is (even if a space)
b) if the first symbol is a space, exclude from the permutation all 
remaining symbols in the notation. This excludes inorganic 
structures from the permutation.
c) If the first symbol in the notation is a left square bracket (C), 
exclude from the permutation all successive symbols in the 
notation up to and including the next right square bracket (3). 
This excludes the alpha symbols of an undefined structure name 
from the permutation.
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d) Subject to a), b) and c) above, permutfeeach successive symbol in 
the notation unless
i) it is a letter J. This eliminates the terminator symbol of 
the cyclic notation
ii) it is a punctuation mark e.g., ampersand (&), slash (/), 
hyphen (-), or space. This eliminates non-chemical structure 
descriptors
iii) it is a symbol proceded by a space. This eliminates 
positional symbols
e) Two adjacent space characters are taken to represent the end of a 
notation.
Each valid permutation was written to the magnetic file with code
number and 'Quickscan' characters. The characters preceding the key
symbol were reversed when creating the index record in order to 
facilitate sorting. In the program each permuted symbol was 
reproduced in order of appearance in the 'Quickscan' field.
The index file was sorted using ICL COBOLSORT into the following 
ascending sequence:
a) Key symbol
b) Symbols following the key symbol
c) Symbols preceding the key symbol (as reversed when writing)
69
An example of the permuted index produced is given in fig. 13. This is 
very similar in appearance to the permuted print-out of Granito ej: al. 
(1965b) without the alphabeticalisation of the 'Quickscan'. The 
branched carbon atoms ('X1 and 'Y' symbols) were however retained. 
Similarly the final 'T' symbol, when it appeared in certain 
heterocyclic notations, was not removed to simplify programming.
In practice this program produced 10.32 index items per notation: 
247,795 items for 24,000 compounds. It should be noted that this 
index is based on the contracted WLN which employs multipliers and 
implicit methyl groups in certain configurations. A revised index is 
now being prepared using the uncontracted notation which will increase 
the number of index entries and bring the system into line with the 
Chemical Notation Association recommendations.
70
The approximate input time per 1000 compounds is 10 mins 
(0.01 s a e E /c p d ); central processor time is 20 min (0.02 s a ec /cp d ) 
working on a time sharing system; and print out time is 60 mins 
(0.0058 eec/index entry).
4.2.2.2 experience with permutation program
Three years experience with this permutation system indicated that 
whereas the choice of symbols for permutation was adequate^ the 
print-out with the key symbol down the centre of the page was wasteful 
of space and it was sometimes difficult to follow the permuted symbol 
down a page. It was also found that the 'Quickscan' symbols were not 
sufficiently useful to justify their inclusion and the space in the 
print-out could better be used for recording biological data for 
structure activity correlation. The program was therefore modified to 
print the key symbol on the extreme left-hand of the page followed by 
the subsequent symbols in the appropriate order. After a two space 
gap the symbols preceding the permuted symbol are printed beyond this 
in a "wrap-round" format. The first symbol of the WLN is indicated by 
two preceding asteriscs. An example of the modified index is shown in 
fig. 13a.
In order to cut down computer print-time the index is produced in 
groups of 5000 compounds i.e. 1-4999, 5000-9999, 10,000-14,999 etc.
The latest compounds are produced in separate 1000 batches until 
5000 is reached when the whole group is run into one series. Thus a 
manual search of the whole file (24,000) entails the sequential 
examination of 8 volumes.
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Fig. {3 a Second form of permuted index: left justified: permuted 
on chlorine (G). (contracted notation)
Compound
No. *
03079 G1SVNY&&Y **GYGUY
12797 G 2 **T6N DNTJ A- D-/YMVHX G
05266 G 4 ECN **NCR- /
01141 G 5 **WNR-/
01676 G 5 **QR-/
02924 G **T6KJ A D- 2 &G &
10803 G **T6N CNJ EXQR&R BG D
11683 G **WNR DOR BG D
12483 G **GXGGYMVHMR CG D
03150 G **GXGGXQR DG&R D
02971 G **GXGGYR DG&R D
11475 G **NCS1SWR BG DG E
03136 G **GR DSWR BG DG E
05424 G **QR DG B1R BQ E
03395 G **T6NJ BVQ CG DZ EG F
07963 G **T56 BVNV GUTJ CSXGG
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As an alternative to a manual search it is possible to search for 
combinations (strings) of WLN symbols in the magnetic tape file using 
the ICL FIND or FILETAB routines. These are manufacturer's programs 
designed for information searching, which allows the data base to be 
searched for strings of alpha and/or numeric symbols.
The index is used to determine whether specific compounds in the 
24,000 compound file have been made before, and if so, to ascertain 
their code number so that their biological activity may be reviewed 
(Sorter (1964) and Granito (1965a, 1965b)). Compounds related to 
existing compounds of interest may also be located to prepare 
summaries on the trends of biological response within a family. 
Similarly it is useful when an intermediate product (i.e. not part of 
a planned series) shows a novel biological response and it is 
necessary to determine which part of the molecule may be contributing 
toward the effect so that further derivatives can be made in which the 
supposed active moiety is deliberately varied. For these tasks the 
WLN permuted index is a simple but powerful tool in the empirical 
deductive approach to structure activity studies (Saggers 1970, 1974).
4.3 Combined WLN and Biological Data File
4.3.1 The biological file
The simplest extension of the permuted index is in combination with a 
biological summary which enables a direct visual analysis to be made 
of the influence of chemical variation on the biological response.
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In the biological data file compiled from the screening work discussed 
here a complete set of results is recorded for both the qualitative 
response (i.e. which species are affected) and the quantitative effect 
(i.e. the dose response data). Because of the physical limitations of 
the print-out (120 print positions per line) it was not possible in 
the original WLN permute program (SC04) to allow for more than 15 
columns of biological data (i.e. the Quickscan field) to be printed 
alongside the permuted WLN. This is improved in the modified permuted 
WLN print out but is still limited. The option of printing the 
permuted WLN on alternate lines, with biological data between, was 
investigated (Granito, 1968), but it was found that it would involve 
too great a printing load and was most cumbersome to read and 
consult. Hence a short concise summary of the biological response was 
developed as an adjunct to the WLN index.
4.3.2 The biological categorisation program ; first run
4.3.2.1 biological parameters
To keep the biological summary simple the compounds were categorised 
for each group of tests into four levels of interest
0 = inactive
1 = slight activity (i.e. chemical hint)
2 = moderate 11 (i.e. moderate chemical hint)
3 = highly active (i.e. strong chemical hint)
In writing the program (SC24) to analyse the biological data file to 
produce these categories, attention had to be paid to the nature of 
the test and the level of sensitivity of the individual species. It 
was therefore not possible to lay down a universal definition of level 
1 for all biological screens and all species. The interaction of 
several tests had also to be borne in mind when defining the 
category. For example a mediocre contact insecticide (i.e. to
Megoura viciae of 10-29 ppm) would be category 2 if it was 
non-persistent, but category 3 if it persisted on a plant for more 
than 21 days. A complex set of definitions was therefore written 
which attempted to give weight to these interactive factors in 
assessing the level of significance of the observed response.
The full list of parameters used for first and second categorisations 
of the biological results are described in the next section. It 
should be emphasised that these categorisation parameters were 
initially subjective and derived intuitively from experience obtained 
with a wide range of proven products over ten years.
In addition to indicating the level of biological activity it was also 
found necessary to include symbols for "not requested for test" (+) 
and "test requested but not completed" (?). These two symbols were 
found to be useful as a management tool since it could be readily seen 
from a print-out of the categories in each screen which were ■ 
falling behind.
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4.3.2.2 Rules for biological categorisation : first run
i) Insecticidal activity 
Category 3
Compounds having an LC,_q o f *<9 ppm; or of 10-29 ppm if a 
persistency of >21 days is recorded, to one or more of the 
following species:
a) Megoura viciae, bean aphid: adults
b) Tetranychus telarius, red spider mite: adult
c) T. telarius : eggs
d) Tribolium confusum, confused flour beetle: adults
e) Lucilia sericata, sheep maggot: larvae
f) Musca domestica, housefly: adults
g) Pieris brassicae cabbage white butterfly, or Plutella 
maculipennis, diamond back moth: larvae
h) Pheadon cochlearia, mustard beetle: larvae
Category 2
Compounds having an LC^^ to species a) - h) of 10-29 ppm; or of 
30-299 ppm if a persistency of >21 days is recorded.
Category 1
Compounds having an LC^q to species a) - h) of 30-300 ppm.
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Category 0
Compounds tested as insecticides but not possessing any of the 
above properties.
ii) Herbicidal activity : pre-emergent
Category 3
Compounds having pre-emergent herbicidal score o f >94% at the 56
kg/ha rate; or >84% at the 11.2 kg/ha rate against one or more of
the following species:-
a) Pisum sativum, pea
b) Sinapis alba, mustard
c) Linum usitatissimum, linseed
d) Lolium perenne, ryegrass
e) Avena sativa, oat
f) Zea mais, maize
Category 2
Compounds having a herbicidal score against one or more of 
species a-f) of 50-84% at the 11.2 or 5.6 kg/ha rates; or a score
of 65-94% at 56 kg/ha.
Category 1
Compounds having a herbicidal score against one or more of 
species a) - f) of 25-49% at the 11.2 or 5.6 kg/ha rate; or a 
score of 50-64% at 56 kg/ha.
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Category 0
Compounds tested for pre-emergent activity but not possessing any 
of the above activity levels.
N.B. Although rates of <5.6 kg/ha are employed in the 
pre-emergent screen programme the results at these levels were 
not included in the categorisation definition as all compounds 
are tested at either 56, 11.2 or 5.6 kg/ha and this is adequate 
for normal classification.
iii) Herbicidal activity : post-emergent
Category 3
Compounds having a post-emergent herbicidal score of >94% at the
11.2 kg/ha rate; £r of >84% at the 5.6 or 2.8 kg/ha rates against 
one or more of the following species:
a) P. sativum, pea
b) S. alba, mustard
c) L. usitatissimum, linseed
d) L. perenne, ryegrass
e) sativa, oat
f) Beta vulgaris, sugar beet
g) Phaseolus vulgaris, French bean
Category 2
Compounds having a herbicidal score against one or more of 
species a)-f)0f .50-84% at 5.6 or 2.8 kg/ha; or a score of 85-94% 
at 11.2 kg/ha.
Category 1
Compounds having a herbicidal score of 25-49% against one or more 
of species a) - f) at 5.6, or 2.8 kg/ha; or a score of 50-84% at
11.2 kg/ha.
Category 0
Compounds tested for post-emergent activity but without any of 
the above activity levels.
Fungicide activity : in vitro
Category 3
Compounds having an in vitro IG 95* level of 30 ppm or less 
against 9 species from the range a) - m) ; or a MLD of 30 ppm or 
less against 7 species from the range a) - m); or a MLD of 10 ppm 
or less for 3 species from the range a) - m). The species range 
is:-
a) Pythium ultimum
b) Phytophthora palimivora
c) Rhizoctonia solani
d) Fusarium oxysporum f. cubense
e) Verticillium albo-atrum
f) Lenzites trabea
g) Aspergillus niger
h) Cladosporium herbarum
i) Penicillium digitatum
j) Alternaria solani
k) Botrytis fabae
1) Fomes annosus
m) Venturia inaequalis
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Category 2
Compounds having an in vitro IG 50* level of 30 ppm or less 
against 8 species in the range a) - m) ; or an IG 95* level of 30 
ppm or less against 6 species; or a MLD of 30 ppm or less against 
5 species; or a MLD of 10 ppm or less against any species.
Category 1
Compounds having an IG 50* of 30 ppm or less against 3 species in 
the range a) - m ) ; or an IG 95* level of 30 ppm or less against 3 
species; or a MLD of 30 ppm or less to any species.
Category 0
Compounds tested for in vitro activity but not possessing any of 
the above activities.
*(N.B. IG 95 and IG50 levels are 95% and 50% growth inhibition 
levels).
Fungicidal activity : in vivo 
Category 3
Compounds giving >94% control at <2000 ppm (1000, 500, 125, 62 or 
31 ppm) against one or more of the following species, a) - f):- 
(provided that not more than 25% phytotoxicity is recorded).
a) Phytophthora infestans, potato blight, on potatoes
b) Botrytis fabae, chocolate spot, on field beans
c) Erysiphe cichoracearum, powdery mildew on cucumber
d) Uromyces phaseoli, bean rust, on French bean
e) Alternaria solani, early blight, on tomato
f) Plasmopara viticola, vine downy mildew on vines.
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Category 2
Compounds giving >94% control a t <2000 ppm but also producing 
25% phytotoxicity or >94% control at 2000 ppm, provided 
phytotoxicity does not exceed 25%; or 75-94% control at<2000 ppm 
of one or more of the species in the range a)-f) without phytotoxicity
Category 1
Compound giving 45-84% control at 2000 ppm or less provided that 
phytotoxicity is not greater than 25%; or compounds at <2000 ppm 
giving 75-94% with >25% phytotoxicity; or compounds giving >84% 
control at 2000 ppm with >25% phytotoxicity.
Category 0
Compounds tested in vivo but without any of the above activities.
4.3.2.3 results of the first categorisation analysis 
An example of a page of print-out of the categorisation analysis is 
given in fig. 14. It should be noted that a much broader range of 
biological tests is sunmarised in this example than is considered 
here.
The summary of biological categories shows at a glance the spectrum of 
activity of a compound. This is of value for broadly assessing its 
pesticidal potential and possible environmental impact; i.e. whether 
it affects a wide range of species or is toxic to a restricted group 
of organisms. It should be noted however that extreme specificity to 
a particular species within a screen is not identified in this 
relatively crude analysis although, of course, the compound would be 
identified as active.
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fig.14
Example of Biological Activity Suamary Print-out showing 
categorisation code
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If the performance of the categorisation routine against the total 
file of compounds is examined a general picture of the overall 
validity of the categorisation criteria emerges. This is summarised 
in table 5. Tables 6 to 10 give a breakdown of the performance in the 
individual screens measured against time.
Table 5
Analysis of Compounds Screened 
by Activity and Category: first run
(Total compounds in file = 23,532)
Activity
tested
No. of 
cpds 
examined
% of 
total
Category No. in 
category
% of cpds 
tested in 
category
Insecticide 16521 70.2 0 11989 72.6
1 2493 15.1
2 797 4.8
3 1242 7.5
Herbicide 19866 84.4 0 10305 51.9
Pre-emergent 1 4098 20.1
2 2309 11.6
3 3154 15.9
Herbicide 19919 84.6 0 10190 51.2
Post-emergent 1 4160 20.9
2 3282 16.5
3 2287 11.5
Fungicide 17749 75.4 0 11525 64.9
in vitro 1 5025 28.3
2 1023 5.8
' 3 176 1.0
Fungicide 17882 76.0 0 8149 45.6
in vivo 1 5409 30.2
2 3724 20.8
3 600 3.4
Average 18387 78.1 0 10431 56.7
1 4237 23.0
2 2227 12.1
3 1491 8.1
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Table 6 Analysis of the categorisation of insecticidal activity
Compound
batch
No in 
batch 
tested
% in
batch
tested
Category level
0 % 1 % 2 % 3 %
1-4999 3472 69.5 2429 70.0 630 18.1 182 5.2 231 6.6
5000-9999 3665 73.3 2154 58.7 773 21.1 332 9.1 406 11.1
10000-14999 3770 75.4 2839 75.3 574 15.2 137 3.6 220 5.8
15000-19999 3461 69.2 2724 78.7 374 10.0 105 3.0 285 8.2
20000-23532 2153 60.9 1843 85.6 169 7.9 41 1*9 100 4.6
Totals 16521 70.2 11989 72.6 2493 15.1 797 4.8 1242 • 7.5
Table 7 Analysis of the categorisation of pre-emergent herbicidal 
activity
Compound
batch
No in 
batch 
tested
% in
batch
tested
Category level
0 % 1 % 2 % 3 %
1-4999 3454 73.1 1574 43.1 980 26.8 413 11.3 687 18.8
5000-9999 4386 87.7 2097 47.8 912 20.8 495 11.3 882 20.1
10000-14999 4387 87.7 2428 55.3 757 17.3 449 10.2 753 17.2
15000-19999 4418 88.4 2603 58.9 781 17.7 528 12.0 506 11.4
20000-23532 3021 85.5 1603 63.1 668 22.1 424 14.0 326 10.8
Totals 19866 84.4 10305 51.9 4098 20.6 2309 11.6 3154 15.9
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Table 8 Analysis of the categorisation of post-emergent herbicidal
activity
Compound
batch
No in 
batch 
tested
% in
batch
tested
Category level
0 % 1 % 2 % 3 %
1-4999 3714 73.3 1742 46.9 902 24.3 588 15.8 482 13.0
5000-9999 4380 87.6 2081 47.5 884 20.2 646 14.7 769 17.6
10000-14999 4391 87.8 2374 54.1 932 21.2 718 16.4 367 8.4
15000-19999 4417 88.3 2531 57.3 881 19.9 739 16.7 266 6.0
20000-23532 3017 85.4 1462 48.5 561 18.6 591 19.6 403 13.4
Totals 19919 84.6 10190 51.2 4160 20.9 3282 16.5 2287 11.5
Table 9 Analysis of the categorisation of in vitro fungicidal activity
Compound
batch
No in 
batch 
tested
% in
batch
tested
Category level
0 % 1 % 2 % 3 %
1-4999 3492 69.9 2527 72.4 859 24.6 103 2.9 3 0.1
5000-9999 3908 78.2 1891 48.4 1379 35.3 500 12.8 138 3.8
10000-14999 3929 78.6 2319 59.0 1235 31.4 340 8.7 35 0.9
15000-19999 3859 77.2 2893 75.0 902 23.4 64 1.7 0 0.0
20000-23532 2561 72.5 1895 74.0 650 25.4 16 0.6 0 0.0
Totals 17749 75.4 11525 65.9 5025 28.3 1023 5.8 176 1.0
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Table 10 Analysis of the categorisation of in vivo fungicidal
activity
Compound
batch
No in 
bat ch 
tested
% in
batch
tested
Category level
0 % 1 % 2 % 3 %
1-4999 3530 70.6 1806 51.2 1391 39.4 306 8.7 27 0.8
5000-9999 3798 76.0 1412 37.2 1193 31.4 952 25.1 241 6.3
10000-14999 4021 80.4 1634 40.6 1187 29.5 1026 25.5 174 4.3
15000-19999 3965 79.3 1959 49.4 981 24.7 897 22.6 128 3.2
20000-23532 2568 72.7 1338 52.1 657 25.6 543 21.1 30 1.2
Totals 17882 76.0 8149 45.6 5409 30.2 3724 20* 8 600 3.4
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Table 11 Analysis of first 12999 Compounds Screened by Activity
and Category
Activity
tested
No of 
cpds 
examined
% of 
total
Category No in 
category
% of cpds 
tested in 
category
Insecticide 9298 71.5 0 6171 66.4
1 1762 19.0
2 604 6.5
3 761 8.2
Herbicide 10651 81.9 0 5026 47.2
Pre-emergent 1 2362 22.2
2 1177 11.0
3 2086 19.6
Herbicide 10710 82.4 0 5121 47.8
Post-emergent 1 2362 22.1
2 1684 15.7
3 1543 14.4
Fungicide 9725 74.8 0 5617 57.8
in vitro 1 3055 31.4
2 883 9.1
3 170 1.7
Fungicide 9705 74.7 0 4106 42.3
in vivo 1 3311 34.1
2 1896 19.5
3 392 4.0
Note This part—file analysis was produced for statistical studies 
with benzimidazoles described in section 4.3.4.1 part ii).
It will be seen from table 5 that all compounds are not submitted to 
every screen. This results from the variable quantities supplied for 
biological evaluation which, in about 20% of the cases, were 
insufficient for an across-the-board evaluation. Additionally when an 
active series is identified derivatives are frequently not tested in 
areas where previous results would indicate inactivity* This of 
course would tend to distort the distribution of compounds in the 
various categories, i.e. would, tend to reduce the numbers in the inactive 
category (0). Another factor which affects the distribution is the 
strategy of synthesising compounds related to discovered active 
structures, in the hope of finding yet more promising compounds.
Both of these strategies tend to distort the distribution of compounds 
away from what one might expect intuitively to be a geometric 
distribution. The degree of distortion may be taken to be a measure of 
success, or alternatively, a measure of the lack of validity of the 
categorisation rules. Unfortunately there are no absolute standards 
against which these aspects can be measured.
With the above reservations in mind some general trends can be seen 
(table 5). Firstly it would seem that the most difficult area in 
which to achieve activity is the insecticidal, where 72.6% of the 
16521 compounds tested were inactive. Against this only 45.6% of the 
17882 compounds tested in the rn vivo fungicide screen were classified 
as inactive. The herbicide screen is intermediate with 51% 
inactivity. At the other end of the spectrum 15.9% of the compounds 
examined for pre-emergent herbicidal activity were significantly 
active (Category 3) whilst only 1.0% of the submissions to the 
fungicide jln vitro screen were so classified.
If one examines the distribution of the categories it can be seen that 
there is a distinct bias . towards active compounds in the 
insecticide and pre-emergent herbicide screens. These are areas where 
knowledge of structure-activity relationships is probably the best 
and where synthesis has been most intensively directed to optimise 
activity. In the fungicide in-vitro screen, where, the work is more 
speculative, the distribution shows a sharp decline in frequency 
between the inactive and active categories.
These ^ observations, are confirmed by the more detailed breakdown of 
performance with time (tables 6-10). In the insecticide screen (table 
6) a bias in distribution toward category 3 is found in each 5000 
compound batch screened over a period of 20 years. During this period 
the percentage of compounds submitted varied between 60.9 and 75.4%. 
The pre-emergent. herbicide screen (table 7) also shows a slight bias 
towards category 3. There would also appear to be a steady reduction 
in success with time. However this is more apparent than real and the 
reduction is partially due to an increased tendency in recent years, 
only to test compounds at the lower dosage rates when working in an 
already active series, rather than the normally high initial rate. By 
the categorisation rules,the lower activities recorded at lower rates 
for the first run do not qualify the compounds for the highest 
rating. In the post-emergent herbicide screen this tendency to 
commence testing at a lower initial rate,has not been so extensively 
employed,and the apparent success rate is more steady.
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In the fungicide jln vitro screen (table 9) a quite marked distortion 
with time can be seen, with all the active compounds occurring in the 
first 15,000 compounds, and 78% of these within compounds 5000-9999. 
The major reason for this distortion was the concentration of effort 
at the particular time on a series of benzimidazoles of very marked 
biological activity. These will be discussed in more detail in a 
later section.
There is also a strong reason to believe from this breakdown that the 
categorisation rules, as formulated for this first run, are in some 
cases too stringent. This is confirmed by the performance of the 
standards discussed in the next section (4.3.2.4). The performance of 
compounds in the rn vivo fungicide screen (table 10) is reasonably 
consistant with time although some distortion toward active compounds 
did occur again, because of the benzimidazoles, in the batch 5000 to 
9999.
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4.3.2.4 The performance of standards
Although the analysis of the distribution of categories within 
screens, over the whole compound file, is a useful test for 
determining the validity of the rules of classification, an equally 
powerful measure is the performance record of known active products.
In order to accomplish this,the biological activity of 89 standard 
pesticides: 32 herbicides, 26 insecticides and 35 fungicides (four
have a dual function): was subjected to a separate categorisation 
analysis. The results are presented in table 12. These compounds 
were chosen as representative of a broad range of structures in 
addition to covering the biological range and not only is the activity 
in their field recorded but also that in the other screens. An 
analysis of these results is presented in table 13. It should be 
noted that the results with these compounds were obtained over a 
period of about ten years and the variation in techniques with time 
has had a slight influence on the results.
Cod* Apfrovtd
Ua* a) Biological Activity Category 
tcr«*nt
Ko. C o n n  lUw b)
In*. Barbie id* Fung it id*
pre- pott
i n da lapon H (8,0) 0 3 2 0 0
161 dlMlholtl I 3 1 1 0 0
64) f*nt |A acKlti r <r) 0 2 3 2 I
t w phcnthoat* i ) 0 0 0 0
454 aalnc hydratid* H (0) 0 3 1 0 0
992 a«niii<n 1 ) 0 0 0 0
1001 dicaab* H (8,0) 0 ) ) 0 0
1110 butonat* I ) 2 0 0 0
l m dod in* r (r) 0 0 0 0 3
1161 quintotcn* r (s) 0 0 I 1 I
1607 tri*aipho* i.r (r) 2 1 0 0 1
1695 azob*nt*n* l 1 0 0 1 0
15)6 aailazin* r (r) 0 0 0 1 3
1654 atrat in* H (8) 0 3 3 0 0
166) •iaeton B (8) 0 3 3 0 0
1665 proa*ton H (8) 0 3 3 0 0
1669 aiaetryn H (8) 0 3 3 0 0
1676 pentachloroph«nol P (S), 11(0) 0 1 3 2 1
1679 diuron H (8) 0 3 3 0 0
1978 chlorquioox p (r) 0 0 0 1 3
1069 z ineb F (F) 0 0 1 0 2
2070 aaneb F (F) 0 0 0 2 2
2071 dinocap F (F) 0 0 1 1 3
2072 thiraa F (F,S) 0 0 0 1 3
2199 copper hydroxy 
quinolate
F (S) 0 0 2 2 2
2313 carbary1 I 3 0 0 0 0
2608 trifluralin H (8) 0 3 2 1 1
2926 paraquat B (0) 0 0 3 0 0
2952 BBC I 3 0 0 0 0
2971 DDT I 3 0 0 0 0
3079 triallate B (8,0) 0 3 1 0 0
3087 pyracoa H (8,0) 0 3 3 0 0
3166 tetrad ifoa I 2 0 ' 0 0 0
3150 dicofol 1 3 0 0 1 1
3191 fenuron B (8) 0 3 3 0 0
3192 linuron B" (8 0) 0 3 3 0 0
3233 ch loropropy late I 2 0 0 0 0
3337 binapacryl I,F (F) 2 0 2 0 1
3363 chlorfluraxol a (o) 1 3 3 2 0
3395 picloraa B (8,0) 0 3 3 0 0
3562 azauracil H (8,0),F(F) 0 3 2 0 3
3563 brosac il H (8) 0 3 3 0 0
6287 MCPA H (0) 0 3 3 0 0
6913 benaulide B (8) 1 3 0 0 0
5016 fenazaflor I 3 2 3 2 1
5075 thiabendazole F (F) 0 0 0 2 3
5163 lenacil H (8) 0 3 2 1 0
5266 chlorothalonil F (F,S) 0 0 0 2 3
5626 dichlorophen F (S) 2 1 1 2 2
5666 fentin hydroxide F (F) 2 2 2 2 2
5838 carbofuran I 3 1 0 0 0
5962 dichlofluanid F (F) 0 0 1 3 3
5963 lethane 386* 1 2 0 0 0 0
5986 phoiphaaidon I 3 0 0 0 0
6268 terbac il H (8) 0 3 3 0 0
6332 broaoxynil H (0) 1 3 3 1 0
6333 fluoaeturon H (8) 0 3 3 0 0
6525 pipron* F (S) 0 0 0 1 2
6897 bendiocarb I 3 2 0 0 1
7116 phenaediphaa H (0) 1 3 2 0 1
7587 chlordiaefora I 3 0 1 0 0
7820 aldicarb 1 3 0 0 0 0
7869 carboxin F (F) 0 0 0 0 3
7963 captan F (F) 0 0 0 2 3
8663 benoayl F (F) 0 0 0 2 3
8669 dratoxolon F (P) 0 0 0 1 3
8866 ditaliafoa F (F) 0 0 0 0 *
8950 carbrndazia F (F) 0 0 0 2 3
93)1 aeturin* B (8) 0 3 3 0 0
100)5 thiophanat* F (F) 0 0 0 1 3
10189 pir iaic-arb I 3 2 0 0 0
1080) iti«iiawl F (F) 0 2 1 2 3
10897 HCA-108* F (P) 0 0 0 0 2
10917 pyridinitril F (F) 0 0 0 1 2
11369 cartap I 3 2 1 0 2
11675 PH 50-87* P (F) 0 1 0 3 3
1168) nitrofen H (8) 0 3 3 0 0
II760 dinobuton I 2 2 2 . 0 0
11786 broaofenoxia H (0) 0 2 3 0 0
12227 aetribuz in H (8) 0 3 3 0 0
1 2796 brntatnn* H (0) 0 3 3 0 0
12681 acephate 1 3 0 0 0 0
1268) chlorani foraethan F (F) 0 0 0 1 3
17686 HBB 6866* F (F) 0 2 0 2 3
12696 cyhexatin I 3 0 0 1 2
12797 triforine F (F) 0 0 2 2 3
1 3526 benzoy lprop-eth'y 1 H (0) 0 2 2 0 0
16659 guazatine F (S) 0 0 0 1 3
17035 NRDC 163* I 3 0 0 0 0
Notes and key to symbols in table 12
H = Herbicide: (E) = pre-emergent; (0) = Post-emergent
a) I = Insecticide and/or acaricide
F = Fungicide: (S) = seed, soil or industrial
fungicide;
(F) = foliar fungicide
b) where an approved common name (Martin & Worthing, 1977) 
is not available the manufacturer's common name or code 
number is used and indicated with an asterisk.
See Appendix IV for structures, WLN and Chesterford Linear Notation 
(CLN) of these standard pesticides.
Table 13 Summary of Categorisation of Pesticide Standards in all Screens
Screen Activity
Category
No of standards in activi ty ca tegory classified by use a)
Insecticide
/acaricide
n b > Z c)
Herbicide Fungicide
Pre
n
em
Z
Post
n
em
z
seed or 
soil 
n Z
Foliar 
n Z
Insecticide 0 0 0 21 95 14 82 7 88 27 93
and 1 1 4 1 5 3 18 0 0 1 3
acaricide 2 6 23 0 0 0 0 1 12 1 3
3 19 73 0 0 0 0 0 0 0 0
Herbicide 3 17 63 0 0 1 10 7 88 22 79
pre-emergent 1 4 15 0 0 1 10 1 12 2 7
2 6 22 0 0 2 20 0 0 /3 14
3 0 0 22 100 6 60 0 0 0 0
Herbicide 0 22 81 1 7 0 0 5 71 19 68
post-emergent 1 3 11 0 0 2 2 1 14 4 14
2 1 4 . 2 13 4 24 1 14 4 14
3 1 4 It 80 11 65 0 0 1 3
Fungicide 0 24 89 ■ 21 95 14 82 0 0 8 29
in vitro 1 2 7 1 5 1 6 4 43 7 25
2 1 4 0 0 2 17 4 57 11 39
3 0 0 0 0 0 0 0 0 2 7
Fungicide 0 21 80 22 100 14 88 0 0 0 0
in vivo 1 3 12 0 0 2 12 2 33 3 10
2 2 8 0 0 0 0 3 50 6 23
3 0 0 0 0 0 0 6 17 20 67
Notes
a) In these tables where a compound has mixed functions, i.e., pre and post-emergent 
herbicide activity, it is recorded separately against the other activities, but 
only once where its own specific response is concerned. Thus a pre and 
post-emergent herbicide with a category 3 in pre-emergent response will not also be 
included as a 3 in the post-emergent column in the breakdown of pre-emergent 
results.
b) number of compounds in each category.
c) % of total in each category.
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A discussion of the first categorisation results of standards
i) general points
From table 13 it is apparent that in no case is a standard 
pesticide allocated to the inactive category (0) in its own 
screen.
The best result was that for the pre-emergent herbicide response, 
where all the pre-emergent herbicide standards obtained the 
highest rating. The worst was with the soil, seed dressing and 
industrial fungicides,where none of the relevant standards 
achieved a top rating; the eight compounds being split equally 
between categories 1 and 2. On the other hand two foliar 
fungicides did achieve a 3 rating in this screen.
ii) insecticidal activity
If we consider these results in more detail it would appear that 
one standard insecticide was rated as category 1. This is 
azobenzene (1495), a mediocre acaricide now superseded (Martin & 
Worthing, 1977). To bring this into the active category 12* 
would necessitate the lowering of the definition of activity from 
having an of 10-29 ppm to having one of 30-300 ppm again
red spider mite adults or eggs.
The fungicide dichlorophen (5424) which achieved a 2 rating
because of its selective toxicity to the cabbage white 
a
caterpillar is/^compound with reputed uncoupling activity (Corbett 
1974). The foliar fungicide fentin hydroxide (5644) which also 
had a 2 rating is yet another respiratory inhibitor, (Sijpesteijn 
et al., 1969). Ascher and Rones (1964) have also reported its 
powerful insect antifeedant activity.
iii) herbicide activity; pre-emergent
In the pre-emergent screen, as noted above, a complete separation 
of the pre-emergent standards into the highest category (3) was 
obtained. Not surprisingly the post-emergent standards tended to 
follow the same pattern and classify into the 3 or 2 categories. 
The significait exception was paraquat (2924), category 0, which 
is totally inactivated in the soil (Calderbank, 1968).
Several insecticides showed good pre-emergent activity (category
2). Two of these are powerful uncouplers of oxidative 
phosphorylation: dinobuton (11740), and fenazaflor (5016). Two 
are alkyl carbamates; bendiocarb (6897) and pirimicarb (10189); 
and one an organophosphate; butonate (1110); which are 
acetylcholinesterase inhibitors in insects but may have less 
specific esterase inhibition (Eto, 1974) or phosphorylating 
effects (Casida, 1964) in plants.. The final compound is cartap 
(11349), a neuroactive insecticide, whose herbicidal activity 
is not readily explicable.
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Of the three foliar fungicides which possessed moderate 
pre-emergent activity, two are triphenyltin respiratory 
inhibitors, fentin hydroxide (6544) and fentin acetate (693).
The third triarimol (10803), is a systemic fungicide particularly 
effective against rust diseases and a possible inhibitor of lipid 
synthesis (Corbett, 1974).
herbicide activity ; post-emergent
In the post-emergent screen two standards achieved only a 1 
rating. The first was maleic hydrazide (954). This is a growth 
retardant with few symptoms other than a darkening of foliar 
colouration and a growth stunting. Unfortunately these effects 
produce only low scores against each species in the quantitative 
record with is used for the categorisation program. It is only 
in the qualitative record of symptomology (i.e. marked growth 
inhibition and/or abnormal colouration) that the compound scores 
at all well. These records are not used in the categorisation.
The second compound to give a low score was the selective wild 
oat thiolcarbamate herbicide, triallate (3079). This compound, 
although considered a post-emergent herbicide, is volatile and 
usually applied as a granular soil surface treatment. It is also 
rather slow to produce symptoms. Hence the 7-day post-treatment 
period allowed before the effects are measured is too short to 
record its maximum effect. Since the tests were completed with 
triallate, the post-emergent treatment (with slow acting 
compounds) are now left for 14 days to overcome this defect. 
Triallate nevertheless showed a very high level of activity in 
the more prolonged pre-emergent screen.
The one insecticide which achieved a 3 rating in the 
post-emergent screen was the benzimidazole uncoupler, fenazaflor 
(5016). This acaricide (Saggers and Clark, 1967), in practice, 
was severely limited by its phytotoxicity and formulation 
problems and was eventually withdrawn from sales. The other 
uncoupler, dihobuton (11740), also rated a 2.
The triphenyl tin respiratory inhibitor fungicides, fentin 
acetate (693), and fentin hydroxide (5344) also rated highly as 
post-emergent herbicides; category 3 and 2 respectively.
Fungicide activity : in vitro
In the in vitro screen the seed dressing, soil fungicide or post 
harvest protectant standards (7 of) were divided between 
categories 1 and 2 with none falling into 0 or 3. Those 
classified as category 1 were:
quintozene (1141) : a seed and soil fungicide
thiram (2072) : a foliar and selective seed dressing.
guazatine (14659) : a seed dressing.
All three compounds showed a high selective toxicity to one or two 
species in the screen, in keeping with their selective commercial, 
use; i.e. against Botrytis or against the damping-off species. 
Pythium or Rhizoctonia. None however showed the broad range of in 
vitro activity demanded by the program for classification into the 
2 or 3 categories. Similarly the other soil or seed protectant, 
or post-harvest protectant standards, failed to show the broad 
spectrum against the number of species required for a 3 rating: 
i.e. IG 95 of 30 ppm or less against 9 species or an MLD of 30 ppm 
or less against 7 species.
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The reasons for this apparently poor performance are two-fold. 
Firstly the commercial seed dressing, or soil disinfectant 
compounds, tend to be selective by nature even within the fungal 
spectrum as broad spectrum biocides are generally too damaging to 
the seed itself. Secondly ,owing to changes in the fungicide 
screening programme with time,not all compounds were always 
tested against the full number of species to enable them to 
achieve the requisite number of test results,to qualify for 
category 3 rating. These results suggest that the requirements 
for the fungicide in vitro categorisation program are too 
stringent,and need modification to allow accepted standards to 
obtain a reasonable rating.
It is of interest to note that the only compounds having an 
in vitro category 3 rating were the two sulphonyl foliar 
fungicides, dichlofluanid (5942) and PH 50-82 (11475). Although 
the mode of action of dichlofluanid has not yet been reported,it 
is likely that it could react non-specifically by combination 
with thiol groups,like captan (Corbett, 1974). There is no 
information on the action of PH 50-82.
fungicide activity : in vivo
Here the categorisation routine appears to be more acceptable 
with 67% of the standards obtaining a 3 rating and none having a 
0 rating. The three compounds only achieving a category 1 rating 
were:-
fentin acetate (693) 
triamiphos (1407) 
binapacryl (3337)
The reason for the poor performance of fentin acetate was that 
according to the rules the fungicidal response is downgraded by 
phytotoxicity,since in practice it has been found that severe 
damage to a leaf may increase its susceptibility to disease, or 
render accurate assessment of disease control difficult. Fentin 
acetate is highly phytotoxic to young plants; more so than fentin 
hydroxide (5644) which achieved a 2 rating. Triamiphos, a 
mildewicide, b.ehaved poorly in the screen giving no more than 50% 
control of cucumber powdery mildew at 2000 ppm. There is no 
obvious reason for this poor performance apart from the 
possibility that the commercial sample used was inferior or the 
test result was atypical. It is worth noting however that this 
compound has never been regarded as more than a mediocre 
fungicide and has now been discontinued.
Binapacryl,a combined acaricide and mildew fungicide,was also 
downgraded in the cate.gorisation routine because of phytotoxicity 
on cucumber in the powdery mildew control test. In practice this 
compound is used on apples where leaf damage is less acute.
4.3.3 The revised biological categorisation program: second run
The analysis of the categorisation routine performance, in terms of 
the distribution of ratings in the screens, and the classification of 
the standards, suggests that some minor ammendments are required.
These are necessary to reduce the skewed distribution in certain 
screens, e.g., insecticide, pre-emergent herbicide and in vitro 
fungicide, to produce what might intuitively be expected to be a 
normal distribution, and to ensure that accepted standards are placed 
in the active categories(2 and 3). The latter feature is particularly 
important,since if even mediocre pesticides are not identified it is 
logical to assume that structure-activity correlations based on the 
categorisation analysis are unlikely to reflect fully potential 
interactions of interest.
In order to achieve the required improvements the following revised 
classification rules were adopted.
4.3.3.1 revised biological parameters
i) Insecticidal activity 
Category 3
Compounds having an 1*C,.q o f ^9  ppm; or of 10-29 ppm if 
accompanied by a persistence o f> 21 days; against one or more of 
the following species:-
a) Megoura viciae; bean aphid: adults
b) Tetranychus telarius; red spider mite: adults
c) T. telarius: eggs
d) Tribolium confusum; confused flour beetle: adults
e) Lucilia sericata; sheep maggot: larvae
f) Musca domestica; housefly: adults
g) Pieris brassicae; cabbage white butterfly; or Plutella 
maculipennis; diamond back moth: larvae
h) Pheadon cochlearia; mustard beetle, larvae
Comment: There are no change in the rules from the first run.
Category 2
Compounds having an LC,.q to species a, b, c, d, g or h of 
between 10 and 99 ppm; or to species e or f of between 10 and 29 
ppm; or to species a, b, c, d, g or h of 100-299 ppm if 
accompanied by a persistency of > 14 days, or species e and f if 
an LC^q of 30-299 is accompanied by a persistency o f ^14 days.
Comment: the requirements for categorisation to level 2 are
reduced in stage I tests from an LC^q of 10-29 ppm to 10-99 ppm 
for all species except the highly susceptible dipterous larvae 
and adults, which remain the same. The stage II persistency 
requirements have been reduced from a persistency of 21 days or 
more, to 14 days or more. The associated LC,_q levels are also 
suitably modified. This will raise a proportion of the 
previously classified category 1 compounds to category 2.
Category 1
Compounds having an LC,-q to species a, b, c, d, g or h of 
100-1000 ppm; or an LC,-q to pecies e or f of 30-299 ppm.
Comment: the requirement for activity in species a, b, c, d, g
or h is reduced from an LC,-q of 299 ppm to 1000 ppm. The 
susceptible diptera are retained at their previous level. This 
will have the effect of raising some previous category 0 
compounds to category 1.
Category 0
Compounds tested, without the above activities.
The overall effect of these changes is to decrease the hurdles . 
for inclusion in category 2 and 1 levels for all species except 
the sensitive diptera.
Herbicidal activity: pre-emergent
Category 3
Compounds having a pre-emergent herbicidal score of >94% at 56
kg/ha against any three species; or of >94% against any one
species at 11.2 kg/ha; of>84% against any one species at 5.6 
C
kg/ha. The spec^fe range remains unchanged as:-
a) Pisum sativum, pea,
b) Sinapis alba, mustard,
c) Linum usitatissimuin, linseed,
d) Lolium perenne, ryegrass,
e) Avena sativa, oat
f) Zea mais, maize
Comment: The requirements for activity at the 56 kg/ha rate are
raised f r o m 94% score against one species to three. A score of 
>94% is now required against one species at 11.2 kg instead of 
>84%. The activity requirements at 5.6 kg/ha remain unchanged. 
These changes will downgrade marginal selective compounds from 
category 3 to 2.
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Category 2
C ompounds having a score against one or more of species a)-f) of 
>64% at 56 kg/ha; <or of 50-49% at 11.2 kg/ha; or of 50-84% at 5.6 
kg/ha.
Comment: Compounds having a score of .>94% at 56 kg/ha against
one species which were previously categorised as 3 are transfered to 
Category 2. Activity requirements at the 11.2 kg/ha rate are 
also raised by 10% at the top end.
Category 1
Compounds having a score against one or more of species a-f) of 
35-64% at 56 kg/ha; or 25-49% at 11.2 or 5.6 kg/ha.
Comment: the requirements for category 1 at the 56 kg/ha level
are reduced slightly from a score of 50-64% to 35-64%.
Category 0
Compounds tested without the above activity.
The overall effect of these changes is to raise the hurdles, 
particularly at the highest dose(56 kg/ha), for a 3 rating and to 
transfer the marginals to category 2.
iii) Herbicidal activity: post-emergent
iuo
Category 3
Compounds having a post-emergent herbicidal score of 94% at
11.2 kg/ha; or of 84% at 5.6 or 2.8 kg/ha, against one or 
more of the following species
a) P. sativum, pea
b) S. alba, mustard
c) L. usitatissimum, linseed
d) L. perenne, ryegrass
e) A. sativa, oat
f) Beta vulgaris, sugar beet
g) Phaseolus vulgaris, French bean
Comment: no change here from first run
Category 2
Compounds having a herbicide score of 65-94% at 11.2 kg/ha; or 
50-84% at 5.6 or 2.8 kg/ha against one or more of species a)-g).
Comment: the score at the 11.2 kg/ha rate required to qualify a
compound for a 2 rating has been lowered from 85-94% to 65%-94%. 
This will have the effect of transferring some previously 
classified level 1 compounds to level 2.
Category 1
Compounds having a herbicidal score of 35-64% at 11.2 kg/ha; or 
25-49% at 5.6 or 2.8 kg/ha against one or more of species a)-g).
Commenti the score at the 11.2 kg/ha rate required to qualify a 
compound for a 1 rating has been lowered from 50-84% to 35-64%.
Category 0
Compounds tested without the above activty.
The overall effect of the above changes is to transfer some 
marginal category 1 compounds at the 11.2 kg/ha rate to category 
2 and to transform some category 0 to 1.
Fungicide activity: in vitro
Category 3
Compounds having an in vitro IG 95 level of 30 ppm or less
against 5 or more species of the range a)-m); or having an MLD of
30 ppm or less against any 4 or more species from the range
a)-m); or an MLD of 10 ppm or less against any 2 species from the
range a)-m). The species range remains the same as:-
a) Pythium ultimum
b) Phytophthora palmivora
c) Rhizoctonia solani
d) Fusarium oxysporum f. cubense
e) Verticilium albo-atrum
f) Lenzites trabea
g) Aspergillus niger
h) Cladosporium herbarum
i) Penicillium digitatum
j) Alternaria solani
k) Botrytis fabae 
1) Fomes annosus 
m) Venturia inaequalis
Comment: The revised requirements for activity against 5,
4 and 2 species at their respective levels replace the>,-e 
previous 9,7 and 3. This reduces the high hurdle 
initially adopted for classifying in this category.
Category 2
Compounds having an in vitro IG 50 level of 30 ppm or less 
against 5 or more species from the range a)-m); or having an IG 
95 of 30 ppm or less against 3-4 species from a)-m) or an MLD of 
30 ppm or less against any 2 species from a)-m).
Comment: the revised requirement of activity against 5, 3-4 or 2
species for the respective activity levels replaces the previous 
8,6 or 5 species and again reduces the hurdles for classification 
in this category.
Category 1
Compounds having an IG 50 of 30 ppm or less against any 3 species 
in a)-m); or an IG 95 of 30 ppm or less against any 2 species; or 
an MLD of 30 ppm or less against any one species.
Comment: here the number of species in the respective activity
groups have been reduced from 3, 3 or 1 to 3, 2 or 1.
Category 0
Compounds tested without the above activities.
The effect of the above changes is to significantly increase the 
chances of compounds being classified as category 3 or 2, and to 
a lesser extent^classification into category 1 .
Fungicidal activity in vivo
Category 3
Compounds giving )94% control of one ofthe diseases a)-i) at 1000 
ppm or less in foliar protection, with or without a combined soil 
treatment, and not producing)>25% leaf scorch. The diseases 
involved are increased by three:-
Phytophthora infestans; potato blight on potatoes. 
Botrytis fabae; chocolate spot on field beans. 
Erysiphe cichoracearum; powdery mildew on cucumber. 
Uromyces phaseoli; bean rust on French beans. 
Alternaria solani; early blight on tomatoes. 
Plasmopara viticola; vine downy mildew on vines. 
Erysiphe graminis; barley mildew on barley. 
Piricularia oryzae; rice blast on rice.
Puccinia recondita; yellow rust on wheat.
Comment: the activity levels required for a category 3 rating
have not been altered but the species range involved in the 
classification routine enlarged toinclude three new species (g-i) 
capable of detecting specific fungicidal activity.
Category 2
Compounds giving ^ 94% control of any disease in range a)-i) at 
2000 ppm but not producing ^ 25% leaf scorch; or giving^ 94% 
disease control at 1000 ppm or less but combined with ^  25% leaf 
scorch; £r 75-94% disease control at 1000 ppm or less, with or 
without ^25% leaf scorch.
Comment: as for category 3.
Category 1
Compounds giving^94% control at 2000 ppm but combined with ^ 25% 
leaf scorch; or 45-74% control at 2000 ppm or lesswithout ^ 25% 
leaf scorch.
Comment: as for category 3
Here the categorisation rules have been kept essentially the same 
with the marked weighting against phytotoxic compounds. However 
the species range has been extended to enable highly specific 
compounds to be detected, especially in the area of cereal 
diseases. This extension of the species range has been a feature 
in the recent improvements of the in vivo screen.
4.3.3.2 Results of the second categorisation analysis
The results of the revised categorisation analysis of the first 19,999 
compounds are given in table 14 together with the results with the 
same compounds from the first analysis, for comparison (N.B. table r' ^  
which summarises the first run includes the whole file of 23,532 
compounds).
Table 14 Analys is  o f  compounds screened by a c t i v i t y  and category;
a comparison o f  f i r s t  and second runs ( f i l e  s ize  ■ 19,999 compounds).
A c t iv i t y
No. o f  Cpds 
examined a)
I  of  
t o t a l  a) C a teg ory . No. in Category and Z
tested
run 1 run 2 run 1 run 2 run
n
1
Z
run
n
2
Z
In s e c t ic id e 14368 14425 71 .8 72.1 0 10146 70 .6 7569 52.5
1 2324 16.2 4354 30.2
2 756 5 .3 1287 8 .9
3 1142 7-9 1215 8 .4
H erb ic ide 16845 16898 84.2 8 4 .5 0 8702 51 .7 9722 57.5
pre-em 1 3430 20 .4 2160 12.8
2 1885 11.2 3643 21.6
3 2828 16.9 1373 8.1
H erb ic ide 16902 16945 8 4 .5 84.7 0 8728 5 1 .6 8735 51.5
post-em 1 3599 21 .3 4164 24 .6
2 2691 15 .9 2154 12.7
3 1884 11.1 1892 11.2
Fungicide 15188 15285 75.9 76.4 0 9630 63 .4 8700 56 .9
in  v i t r o 1 4375 2 8 .8 2661 17.4
. 2 1007 6 .6 2788 18.2
3 176 1.1 1136 7 .4
Fungicide 15314 15319 76.6 77.0 0 6811 4 4 .5 6811 4 4 .3
in  v iv o 1 4752 31 .0 4755 30 .9
2 3181 2 0 .8 3244 21.1  .
3 570 3 .7 581 3 .8
Notes a )  The increase in  numbers examined between run 1 and run 2 is  the r e s u l t  
o f screens completed in  the time elapsed between runs.
The first point of interest arising from the second run is the 
reduced variation in the proportion of compounds in each category, 
between the screens, than in the first run. For example,the 
percentage in the inactive category (0 ) in the first run varied 
between 70.6 (insecticide) and 44.5 (fungicide in vivo),and in the 
second run was only between 57.5 (herbicide pre-emergent) and 44.3 
(fungicide in vivo). At the other extreme,the percentage of compounds 
classified in category 3 in the first run varied between 16.8 
(herbicide pre-emergent) and 1.1 (fungicide in vitro),and in the
second run betwwn 11.2 (herbicide post-emergent) and 3.8 (fungicide in
reasonable
vivo). It seems^therefore to postulate that the amended rules, which 
have given a better distribution of categories of biological response, 
should provide a more reliable basis for structure activity studies 
than the first scheme.
Tables 15-19 give a breakdown of the trend of activity with time for 
each screen. These confirm the trend noted in the initial run (tables 
6-10) ,that in the compound 5000-9999 batch, the high biocidal activity 
of the benzimidazoles submitted at the time, biased the activity 
toward category 3. The reasons for the reduction in success with time 
in the herbicide screen (tables 16 and 17), as explained earlier, are 
more apparent than real. They reflect the tendency to test compounds 
in known active series at low rates ,in order to detect the outstanding 
members for subsequent field testing, rather than for activity per 
se. Although this strategy is necessary on occasions in order to 
accomplish the work load with the labour available,it does mean that 
there is a danger of sacrificing long-term structure-activity benefits 
for short-term logistic gains.
The revised rules have resulted in a much improved distribution of 
categories in the in vitro fungicide screen. A comparison of table 18 
with table 9 indicates that the distribution is now much less variable 
with time, which is true reflection of the results. The in vivo 
fungicide results show only minor variations since the initial rules 
were generally satisfactory and needed little amendment.
4.3.3.3 The second categorisation analysis of the standards 
The second categorisation of the 89 standards is summarised in table 
20 and the breakdown of these results is given in table 21. These 
indicate that the major anomalies present in the first run have been 
removed. The acaricide standard, azobenzene (1495), is now upgraded to 
category 2 .
Results of Revised categorisation analysis: 20.000 compounds
tab le  15 i n s e c t ic id a l  a c t i v i t y
Compound
batch
No. in  
bat ch 
tested
X of  
bat ch 
tested
Category love ant! I
0 x 1 %* 2 . I 3 X
1 4999 3500 70.0 1659 47 .4 1167 33.3 429 12.3 245 7 .0
5000 - 9999 3678 73.6 1405 38.2 1311 35.6 513 13.9 449 12.2
10000 - 14999 3785 75.7 2207 58.3 1137 30.0 205 5 .4 236 6 .2
15000 - 19999 3462 69.2 2298 66.4 739 21.3 140 4 . 0 285 8 .2
T o ta ls 14,425 72.1 7569 52.5 4354 30.2 1287 8 .9 1215 8.4
table 16 pre-emergent herbicidal activity
Compound
batch
No. in
batch
tested
X o f
batch
tested
Category leve! and X
0 X 1 X 2 X 3 X
1 -  4999 3685 73.7 1883 51.1 607 16.5 866 2 3 .5 329 8 .9
5000 -  ' 9999 4402 88.0 2334 53.0 637 35.6 513 13 .9 449 12.2
10000 -  14999 4390 8 7 .8 2679 6 1 .0 429 9 .8 925 21.1 357 8 .1
15000 -  19999 4421 88.4 2826 63.9 487 11.0 912 2 0 .6 196 4 .4
T o ta ls 16,898 84.5 9722 57.5 2160 12.8 3643 2 1 .6 1373 8 .1
table 17 post-emergent herbicide activity
Compound
batch
No. in
batch
tested
X o f  ■
batch
tested
Category leve] and X
0 X 1 X 2 X 3 X
1 4999 3736 74.7 1743 4 6 .7 1036 27.7 468 12.5 489 13.1
5000 - 9999 4395 87.9 2086 47 .5 1049 23.9 491 11.2 769 17 .5
10000 - 14999 4394 87 .8 2372 54.0 1C67 24.2 587 13.4 368 8 .4
15000 - 19999 4420 88.4 2534 57.3 1012 22.9 608 13.8 266 6 .0
T o ta ls 16,945 84.7 8735 51.5 4164 24.6 2154 12.7 1892 11.2
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ta b le  18 fu n g ic id a l  a c t i v i t y :  in  v i t r o
Compound
batch
No. in
batch
tested
I  of
batch
tested
Cntegor\ le v e l  and Z
0 Z 1 Z 2 Z 3 Z
1 4999 3511 70.2 2487 70.8 491 14.0 462 13.2 71 2 .0
5000 - 9999 3969 79.4 1926 84.5 745 18.8 905 22.8 393 9 .9
10000 - 14999 3944 78.9 2272 55.6 682 17.3 739 18.7 251 6 .4
15000 - 19999 3861 77.2 2015 52.2 743 19.2 682 17.7 421 10.9
T o ta ls 15,285 76.4 8700 56.9 2661 17.4 2788 18.2 1136 7 .4
ta b le  19 fu n g ic id a l  a c t i v i t y :  in v ivo
Compound No. in Z of Category l e v e l  and Z
batch batch batch
tes ted tes ted 0 Z 1 Z 2 Z 3 Z.
1 - 4999 3552 71.1 1800 50.7 1398 39.4 325 9 .2 29 0 .8
5000 - 9999 3838 76.8 1425 37.1 1191 31.0 983 25.6 239 6 .2
10000 - 14999 4035 80.7 1633 40 .5 1189 29.5 1033 25.6 180 4 .4
15000 - 19999 3966 79.3 1953 49 .2 997 24.6 903 22.8 133 3.3
T o ta ls 15,391 77.0 6811 44 .3 4755 30.9 3244 21.1 581 3 .8
In the pre-emergent herbicide analysis the selective pre-emergent 
standard bensulide (4913) is downgraded to 2 from 3 because of its 
high activity against ryegrass only at 56 kg/ha. This selective 
compound is still however in an'active' category. The performance of 
the other standards has not been significantly affected. In the 
post-emergent screen the two previous anomalous standards, maleic 
hydrazide (95) and triallate (3079),have been upgraded from 1 to 2 
following revised test procedures which increased the exposure period 
in post-emergent tests for slow acting compounds. The activity of the 
other standards was not significantly affected.
In the in vitro fungicide screen the performance of the standards has 
been significantly improved. Three broad spectrum compounds have been 
elevated from category 2 to category 3: 
pentachlorophenol (1676) 
copper hydroxyquinolate (2199) 
chlorothalonil (5266) 
and one previously category 1 compound raised to category 2 : 
thiram (2072)
The two selective seed dressings quintozene (1141) and guazatine 
(14659) remain in category 1. The reason for this is that in order to 
identify this type of compound ,it is necessary to carry out a more 
specifically designed soil screen ,and incorporate the results in the 
categorisation analysis. This was not included in the revised program.
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In addition to upgrading the categorisation of the in vitro fungicide 
standards, several other standards have been raised to category 3 by 
the revised rules. Not unexpectedly they include ninie foliar 
fungicides; fentin acetate (693), maneb (2070), thiabendazole (5075), 
fentin hydroxide (5644), dichlofluanid (5942), carboxin (7849), captan 
(7963) and benomyl (8443); and the respiration uncoupling 
benzimidazoles chlorflurazol (3363), a herbicide; and fenazaflor 
(5016), an acaricide.
In the in vivo fungicide screen there were no significant changes.
The three foliar fungicides previously categorised as rate 1 have
remained so because the requirement for low phytotoxicity in
the
conjunction with a good foliar response was not altered: as,in^case of 
fentin acetate (639) and binapacryl (3337): or the poor initial result 
has not been bettered in a repeat test: as with triamiphos. Had the
hurdles been reduced to include these compounds in a more active 
category, the classification of the fungicide in vivo response, 
already the least selective classification (table 14), would have been 
lowered to an unacceptable level.
s
Code Approved
Uae a) Biological Activity Category 
acreen*
Ko. Co— nn Ni m  b)
In*. Herbicide Fungicide
■ I
1
pre- >po*t
1
in vitrc in vivo
223 dalapon H (8,0) 0 3 2 0 0
267 d iarthoate I 3 1 1 0 0
693 fentin acetate r <r) 0 2 3 2 1
8 57 phrathoate i 3 0 0 0 0
954 aaleic hydraaide H (0) 0 3 2 0 0
992 aenazon 1 3 0 0 0 0
1002 dicaaba H (8,0) 0 3 3 0 0
1110 butonate I 3 2 0 0 0
1115 dodine p (r) 0 0 0 0 3
1141 quintozene p (S) 0 0 1 1 1
1407 triaaiphoa I.p (p) 2 1 0 0 1
1495 azobenzene I 1 0 0 1 0
1534 aailazine p (p) 0 0 0 1 3
1659 atrazine h (e) 0 3 3 0 0
1663 aiaeton H (8) 0 3 3 0 0
1665 prone ton H (8) 0 3 3 0 0
1669 •iaetryn H (8) 0 3 3 0 0
1676 pentachlorophenol P (S), H(0) 0 1 3 2 1
1679 diuron H (8) 0 3 3 0 0
1978 chlorquinox P (F) 0 0 0 1 3
2069 zineb P (F) 0 0 1 0 2
2070 aaneb F (F) 0 0 0 2 2
2071 dinocap F (F) 0 0 1 1 3
2072 thiraa F (F,S) 0 0 0 1 3
2199 copper hydroxy 
quinolate
F (S) 0 0 2 2 2
2313 carbaryl I 3 0 0 0 0
2608 trifluralin H (8) 0 3 2 1 2
2924 paraquat H (0) 0 0 3 0 0
2952 BHC I 3 0 0 0 0
2971 DOT I 3 0 0 0 0
3079 triallate H (8,0) 0 3 2 0 0
3087 pyrazon H (8,0) 0 3 3 0 0
3146 tetradifon I 2 0 0 0 0
3150 dicofol I 3 0 0 2 2
3191 fenuron H (E) 0 3 3 0 0
3192 linuron H (E,i0) 0 3 3 0 0
3233 chloropropylate I 2 0 0 0 0
3337 binapacryl I,F (F) 2 0 2 0 1
3363 chlorflurazol H (0) 1 3 3 2 0
3395 picloram H (8,0) 0 3 3 0 0
3562 azauracil H (E,0),F(F) 0 3 2 0 3
3563 broaacil H (8) 0 3 3 0 0
4287 MCPA H (0) 0 3 3 1 0
4913 bensulide H (8) 1 3 0 0 0
5016 fenazaflor I 3 2 3 2 1
5075 thiabendazole P (F) 0 1 0 2 3
5143 lenaeil H (8) 0 3 2 1 1
5266 chlorothalonil F (P,S) 0 0 0 2 3
5424 dichlorophen P (S) 2 2 2 2 2
5644 fentin hydroxide F (F) 2 2 2 2 2
5838 carbofuran I 3 1 0 0 1
5942 dichlofluanid F (F) 0 0 0 3 3
5943 lethane 384* I 2 0 0 0 0
5984 phoaphaaidon I 3 0 0 0 0
6248 Cerbacil H (8) 0 3 3 0 0
6332 broaoxynil H (0) I 3 3 1 0
6333 fluoaeturon H (8) 0 3 3 0 0
6525 pipron* P (S) 0 0 0 1 2
6897 bendiocarb I 3 2 0 0 1
7116 phenaediphaa H (0) I 3 2 2 1
7587 chlordiaefora I 3 I 2 0 0
7820 aldicarb I 3 0 0 0 0
7849 carboxin P (P) 0 0 0 3 3
7963 captan P (P) 0 0 0 3 3
KU) bennay1 P (F) 0 0 0 3 3
B-49 drat .anion P ( r ) 0 0 0 I 3
8866 ditallafoa p (P) 0 0 0 0 2 ■
8*50 carbendaaia p (P) 0 0 0 2 >
9)31 aetvrin* H ( 8 ) 0 3 3 0 0
100)5 thi^pbanate P (P) 0 0 0 1 3
i o n * pi r tat r *rb : ) 2 0 0 0
j e f O l t  r i a* i a o l >  'Ti 0 y 1 7 i
; * M  7 HA- :os* r (r) 0 0 0 0 2
10917 pyndinitril jp ( P ) 0 0 0 1 7
11)49 cartap i 3 2 1 0 2
11475 PH 30-82* p (p ) 0 1 0 3 3
1168) nitrnfen H ( 8 ) I 3 ) 0 0
11740 dlrv'buton !« 2 2 2 0 0
l l ' 8 4 hr ia'(rniM ia H ( 0 ) 0 2 ) 0 0
12277 aet r tbu t i n H (8) 0 ) ) 0 0
122H bent* tone H (0) 0 3 ) 0 • 0 j
12481 actphate ii 3 0 0 0 0 1
1246) chl'tani fnraethan r  ( f ) 0 0 0 1
12-6. MB* 6 8 * 6 * , r  ( r ) 0 2 0 2 )
17696 cyhexat in ! * 3 0 0 1 2
12797 tr ifnr ine |p <r> 0 0 7 2 3
1)574 bentny1prnp-et hyl H (0) 0 2 2 0 0
14659 gua rat i lie jp (S) 0 0 0 I 3
17015 HHOC 14)* I 1 0 0 0 0
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Tabic 21 Sunmary of second c a te g o r is a t io n  an a ly s is  is  of  
p es t ic id e  standards in a l l  screens
Screen A c t iv i t y
Category
No o f  standards in  a c t i v i t y  
c la s s i f i e d  bv use a '
category
In s e c t ic id e  
and a c a r ic id e
nb > Zc >
Herb ic ide Fungicide
Pre-
n
emerg
Z
Post-
n
emerg
Z
Seed /Soil  
n Z
f o l i a r  
n Z
In s e c t ic id e 0 0 0 18 82 14 82 7 88 26 90
and a c a r ic id e 1 . 0 0 4 18 2 11 0 0 2 7
2 7 27 0 0 1 6 1 12 1 3
3 19 73 0 0 0 0 0 0 0 0
H erb ic ide 0 16 62 0 0 1 10 7 88 20 71
pre-em. 1 3 11 0 0 1 10 1 12 3 11
2 7 27 1 5 4 40 0 0 5 19
3 0 0 21 95 4 40 0 0 0 0
H erb ic ide 0- 19 73 1 7 0 0 5 71 18 64
post-em. 1 . 4 15 0 0 0 0 1 14 6 21
2 2 8 2 13 5 29 1 14 3 11
3 1 4 12 80 12 71 0 0 1 4
Fungicide 0 22 84 21 95 12 75 0 0 4 15'
in  v i t r o 1 1 4 1 5 1 6 2 25 4 15
2 2 8 0 0 2 13 3 38 10 37
3 1 4 0 0 1 6 3 38 9 33
Fungicide 0 22 84 21 100 14 82 0 0 0 0
.in V i w . 1 1 4 0 0 3 18 2 33 3 10
2 2 8 0 0 0 0 2 33 5 17
3 1 4 0 0 0 0 2 23 21 12
Note a ) ,  b ) ,  c )  fo r  exp lan at ion  see tab le  13.
4.3.3.4 Conclusions on categorisation analysis
The revised categorisation analysis appears to give a constant measure 
of the biological response in all five major areas of screening. This 
has been confirmed by application to 89 standards of varying structure 
and activity. The system is fully automatic and can be applied to 
routine screening results. The activity categories produced provide a 
valuable index to the activity of a compound and hence of the combined 
effect of its constituents. In the next section an application of the 
results of the categorisation analysis is described.
4.4 ' Applications Of The Combined Categorisation Analysis (CA) And
The WLN Search Program
4.4.1 A simple application of CA
Once the biological data can be automatically analysed and classified 
a number of applications in conjunction with the WLN search program 
are possible. At its most simple the CA can be used to produce a 
summary of biological activity trends for a particular structural 
type. This is of value in the retrospective analysis of a large 
series; e.g. pyridines, indoles, benzimidazoles, ureas; which may then 
be used in the broad planning of future synthesis strategy. It may 
also be used to determine the priorities for biological testing of 
large numbers of speculative compounds, using the past performance of 
specific chemical types to decide the nature of the tests to be 
applied to the new structures: provided of course they can be 
classified into groups amenable to definition in WLN terms. This 
ability approximately to determine potential activity is particularly 
important when quantities of compound are limited and it is necessary 
to make a choice as to which tests should be carried out and in what 
order of priority.
By way of illustrating this use several examples of such analyses are
described. In these particular examples the categorisations produced
by the first run were used as the basis for comparison. Although as
has been shown this is less satisfactory than the second the general
C
conclusions are noi^-the-less valid
4.4 .1.1 biological activity of indoles
In this analysis the structure of interest was described as:
where X is anything,
or
2
X R
where R ^-5 :*’s ^ or anot^er substituent; 
or R. , =  0, or R, c is C(R.,,R_)1 1 2 y 3 1 4 j J D /
or N(R,.R_), where R., and R-, can
6 7 7 6 7
be anything, and X is anything.
The WLN search parameters were set to list all compounds 
possessing:-
"T56 BMJ "
"T56 BMVYJ....."
f,T56 BNTJ "
"T56 BNVYJ....."
"T56 BNT&J....."
"T56 BNV DHJ "
"T56 BMV DHJ
It was found thatin a file of 17 998 compounds, 164 (0.91%) fell 
into the indole family as defined above. The biological 
activities of these compouds are summarised in table 2 2.
Table 22 Categorisation analysis of indoles
Category distribution
Category Insecticidal Herbicidal Fungicidal
activity activity activity
Pre- Post- in vitro in vivo
n % n % n % n % n %
0 102 76.7 100 82.6 92 76.0 68 66.7 43 41.7
1 11 8.3 14 11.6 22 18.1 29 28.4 38 35.8
2 6 4.5 5 4.1 6 5.0 4 3.9 4 22.6
3 14 10.5 2 1.7 1 0.8 1 1.0 1 0.9
total
tested 133 121 121 102 106
2
x 5.9 47.5 36.7 0.12 4.1
P= 0 .2-0.1 <0.001 <0.001 0.99-0.98 0.5-0.2
If the distribution of the categories in this group is compared
with the distribution of the whole file (23,532 compounds: table
f  ) it can be seen that the activity in the herbicidal pre-and
post-emergent screens is worse than the whole set. This can be
2
quantified by application of Chi squared (x ) analysis in which 
the distribution of the categories in the whole file is taken as
the expected distribution. Using this statistic the distribution
of the herbicide results is significantly lower than would be
2 2 
expected: X pre-emergent = 47.5, p =<0.001; and X
post-emergent = 36.7, p =<0.01). The fungicidal in vitro
activity is similar to the whole set, being no better or worse
than the normal (X 2 = 0.12, p =0.99-0.98), whilst the
insecticidal activity is very slightly better than might be
expected (X =5.9, p = 0.2-0.1) and the in vivo fungicide
slightly worse (X2 = 4.1, p =0.5-0.2).
When looked at as a group it is apparent that the insecticidal 
activity of the indoles stands out as the most promising response, 
with 10.5% of the compounds tested being in category 3 as compared 
with 7.5% in the whole file. An examination of the combined WLN 
and biological activity print-out indicates however that all these 
active compounds were N-alkyl carbamate derivatives of the type:
If this structure type is removed from the analysis the family 
size is reduced to 134 and the revised activity spectrum is as 
summarised in table 23.
Table 2 3 Categorisation analysis of indoles,jess N-alkyl
carbamates
Category distribution
Category Insecticidal Herbicidal Fungicidal
activity activity activity
Pre- Post- in vitro in vivo
n % n % n % n % n %
0 100 97.1 95 81.8 88 75.9 66 67.3 42 41.1
1 3 2.9 14 12.1 21 18.1 27 27.6 36 35.3
2 0 0 5 4.2 6 5.2 4 4.1 23 22.5
3 0 0 2 1.7 1 0.9 1 1.0 1 1.0
total
tested 103 116 116 98 102
X2 31.8 43.6 34.5 0.75 2.6
p = < 0 .001.1 < 0.001 $.001 0.9-0.8 0.5-0.2
Comparison of these results with the whole file indicates that if 
the insecticidal carbamates are removed, the indoles are 
significantly less active as insecticides and herbicides than the 
norm whilst the fungicides remain close to the norm.
Thus if compound sample size is a limiting factor in testing 
further indoles,fungicidal evaluation would probably be the most 
profitable unless some obviously insecticidal or herbicidal 
moieties were present; e.g., N-alkyl carbamate, organophosphate or 
urea.
4.4.1.2 biological activity of benzimidazoles
In this analysis the compounds of interest are benzimidazoles of 
general structure
where R & X can be any substituent.
The WLN search parameters for the analysis were set to list all 
compounds possessing:-
"T56 BN DNJ......11
"T56 BM DNJ....."
The results revealed that in the file examined of 12999 compounds 1218 
compounds (9.37%) possessed the required structure. Their biological 
category analysis is summarised in table 24.
Table 24 Categorisation analysis of benzimidazoles
Category Category distribution
Insecticidal Herbicidal Fungicidal
activity activity activity
-
. Pre- Post- in vitro in vivo
n % n % n % n % n %
0 356 31.5 368 32.8 228 20.4 278 30.8 292 31.5
1 278 24.6 229 20.4 154 13.8 415 46.0 292 31.5
2 219 19.4 124 11.1 151 13.5 187 20.7 257 27.8
3 276 24.4 400 35.7 587 52.4 23 2.5 85 9.2
total
tested 1129 1121 1120 903 926
nCMX 1253 355 1826 632 155
P= ■■«o.oor « 0.001 ^ 0.001 ®).001 « 0.001
A visual comparison between the percentage distribution of the 
categories for the benzimidazoles and for the whole file (in this case 
this was the first 12,999 compounds whose categorisation distribution 
is summarised in table 11) indicates that they are more active in all 
fields than is the norm. This is confirmed by the Chi squared 
analysis. In this case because the file size,was
smaller than the previous analysis of indoles,and because the 
benzimidazoles were markedly deviant?the Chi squared analysis was 
carried out using the total file (12,999 compounds),less the 
benzimidazoles, to provide the expected category distribution. In each 
case the benzimidazoles were significantly (p = 4T 0 .0 0 1) more active 
than the norm.
series of 2-trifluoromethyl benzimidazole derivatives had shown that 
they possessed a broad spectrum of biological activity. In fact one 
had been commercialised as an acaricide: fenazaflor (Saggers and 
Clark, 1967): and one taken to a late stage of development as a 
herbicide : chlorflurazol (Burton et al.,1965).
It was therefore of interest to see how far these highly active 
derivatives influenced the biological response of the benzimidazoles 
as a whole. To investigate this a second analysis was carried out in 
which the activity of the trifluoromethyl derivatives was separated 
from the non-trifluoromethyl derivatives. The results are summarised 
in tables 25-29.
Tables 25-29 Comparisons of activity of non-CF^and CF^
benzimidazoles with file (=12999 compounds less total 
benzimidazoles).
Table 25
Insecticidal activity
Category distribution
Category file less 
benzimidazoles 
n %
Non-CF3 
benzimidazoles 
n %
2-CF3 
benzimidazoles 
n %
Totals
(see
table 11)
0 5815 71.1 206 77.2 150 17.4 6171
1 1484 18.2 44 16.5 234 27.1 1762
2 385 4.7 14 5.2 205 23.8 604
3 485 5.9 3 1.1 273 31.7 761
totals 8169 267 862 9298
X2 for non-CF3 benzimidazoles = 15.85, p = 0.01-0.001 
X2 for 2-CF3 benzimidazoles = 2015, p = ^(0.001
Table 26
Herbicidal activity: pre-emergent
Category distribution
Category file less Non-CF3 2-CF3 Totals
benzimidazoles benzimidazoles benzimidazoles (see
n % n % n % table ll)
0 4658 48.8 151 52.6 217 26.0 5026
1 2133 22.4 78 27.2 151 18.1 2362
2 1053 11.0 31 10.8 93 11.2 1177
3 1686 17.7 27 9.4 373 44.7 2086
totals 9530 287 834 10651
X2 for non-CF3 benzimidazoles = 14.91, p = 0.01-0.001 
X2 for 2-CF3 benzimidazoles = 440.4, p =^0.001
Table 27
Herbicidal activity: post-emergent
Category distribution
Category file less Non-CF3 2-CF3 Totals
benzimidazoles benzimidazoles benzimidazoles (see
n % n % n % table 1 1)
0 4893 51.0 126 44.2 102 12.2 5121
1 2208 23.0 73 25.6 81 9.7 2362
2 1533 16.0 43 15.1 108 12.9 1684
3 956 10.1 43 15.1 544 65.1 1543
totals 9590 285 835 10710
2 • •for non-CF3 benzimidazoles =11.05, p =
2 for 2-CF3 benzimidazoles = 2866.2, p =
0 .02-0.02
« 0.001
Table 28
Fungicide activity: in vitro
Category distribution
Category file less Non-CF3 2-CF3 Totals
benzimidazoles benzimidazoles. benzimidazoles (see
n % n % n % table ll)
0 5339 60.5 133 44.6 145 24.0 5617
1 2640 29.9 102 34.2 313 51.7 3055
2 696 7.9 52 17.4 135 22.3 883
3 147 1.7 11 3.7 12 2.0 170
totals 8822 298 605 9725
X2 for non-CF3 benzimidazoles = 56.13, p = <0.001 
X2 for 2-CF3 benzimidazoles = 389.6, p = <(0.001
Table 29
Fungicide activity: in vivo
Category distribution
Category file less Non-CF3 2-CF3 Totals
benzimidazoles benzimidazoles benzimidazoles (see;
n % n % n % table H O
0 3814 43.4 90 30.0 202 32.3 4106
1 3019 34.4 87 29.0 205 32.7 3311
2 1639 18.7 89 29.7 168 26.8 1896
3 307 3.5 34 11.3 51 8.1 392
totals 8779 300 626 9705
X2 for non-CF3 benzimidazoles = 87.12, p =<0.001 
X2 for 2--CF3 benzimidazoles = 79.56, p = <0.001
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Examination of the results summarised in the tables indicates that 
the insecticidal activity (table 25) and herbicidal activity (tables 
25 and 27) of the benzimidazolesare almost entirely due to the 
2-trifluoromethyl derivatives. In both areas of biological response 
the performance of the non-trifluoromethyl derivatives is substan­
tially the same as the whole file less the benzimidazoles. In 
the fungicidal screen however both groups of benzimidazoles are 
more active than the norm, indeed the evidence suggests that the 
non-trifluoromethyl benzimidazoles are the better group jri vivo 
and have the highest percentage in category 3 in vitro. This 
would suggest that, as in the indole series, the fungicidal 
evaluation of novel benzimidazoles is probably the best strategy 
to adopt if sample size is restricted. It would also suggest that 
the investigation of benzimidazole derivatives and related compounds 
per se is worth consideration as a long term research project.
Another application of CA which has proved to be of value is in 
combination with the permuted WLN file. In this the summary of the CA 
which is produced for each compound (fig.14) is condensed to a simple 
numeric code and appended to the chemical and biological record of 
each compound in the master file (fig.2). This is picked up in the 
WLN permutation program and printed as a combined WLN/condensed CA (in 
QUICKSCAN zone, see 4.2.2.1 and fig.12) file. An example of part of 
this file is illustrated in fig. 15.
This type of file has several applications. In the first instance by
scanning structures of interest it is possible to detect coarse
structure-activity trends within a series. In fig. 15, which is part
of the benzimidazole series (T56 BM DNJ ), it can be seen that at
compound number 7 there is a sharp transition from inactivity to
activity in the post-emergent herbicide response column (column 5).
Inspection of the WLN indicates that this is associated with the
introduction of a "CXFFF" group; the 2-trifluoromethyl substitution.
Further examination of this group indicates that within it, high
insecticidal activity is associated with compounds having a di- or
tri-halo substitution: numbers 10, 11, 14, 16, 17 and 19: which is
reduced by further halo or alkyl substitution: numbers 8 ,
9, 12, 13, 15 and 18. Beside this chemically orientated approach,
that is focussing on the variations of biological response in a
specific series, the CA code itself can be used to allow activity to
be considered from a biological viewpoint. It is possible by
to
permuting the CA code/bring together all compounds with a similar
Wiswesser Line Notation-
Permuted Index Biological code
NC No. J I N L E O B T V R M c X
1 05320 T56 BM DNJ CV01. • • 0 0 0 1 0 0 1 1 + + + +
2 05521 T56 BM NJ CV01. • • 0 0 0 1 1 0 1 2 + + + +
3 07137 T56 BM DNJ CV01. • • 0 + + 0 1 0 1 0 0 0 0 +
4 05340 T56 BM DNH CVQ.. + + + 0 1 0 0 1 + + + 4
5 07535 T56 BM DNJ CVZ.. 1 1 ? 1 1 0 0 0 2 0 0 3
6 07822 T56 BM DNJ CVZ.. 1 + + 0 0 0 0 0 0 0 1 2
7 05737 T56 BM DNJ CXFFF F GG 1 0 1 1 3 ? 2 0 + + + 3
8 04073 T56 BM DNH CXFFF F GG HE 0 + ? 1 3 2 3 3 1 0 + 3
9 05253 T56 BM DNJ CXFFF FE G 1 0 0 1 3 1 2 0 + + + 3
10 07974 T56 BM DNJ CXFFF FE GE HE 3 0 ? 3 3 2 2 + 0 0 0 1
11 06294 T56 BM DNJ CXFFF FE GE HG 2 + + 3 3 + + + + + + 2
12 05738 T56 BM DNJ CXFFF FE GE HE I 1 0 2 1 3 ? ? 2 + + + 2
13 05558 T56 BM DNJ CXFFF FE GF HE IE 1 + 2 3 3 2 2 0 1 + + 2
14 08246 T56 BM DNJ CXFFF FE GG HE 3 + + 3 3 + 2 + + + + 2
15 05739 T56 BM DNJ CXFFF FE GG HE IE 1 0 2 3 3 2 3 3 + + 1
16 08989 T56 BM DNJ CXFFF FE GG HF 3 0 2 3 3 2 2 2 0 0 0 2
17 07021 T56 BM DNJ CXFFF FE GG HG 3 0 3 3 3 2 3 1 0 1 0 1
18 05024 T56 BM DNJ CXFFF FE GG HG IE 1 + + 3 3 + + + 1 + + +
19 05342 T56 BM DNJ CXFFF FE HF 3 0 1 3 3 1 2 0 0 + + 2
Key to biological code
I = Insecticidal activity
N = Nematicidal activity
L = Molluscicidal activity
E = Herbicidal pre-emergent activity
0 = Herbicidal post-emergent activity
B = Bactericidal activity
T = In vitro fungicidal activity
V = In vivo fungicidal activity
R = Anthelmintic activity in rat
M = Anthelmintic activity in mouse
C = Coccidiostat activity
X — Mammalian toxicity
fig 15 The combined WLN permuted index with categorisation analysis
code
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PERM UTATIO N OF BIOLOGICAL S U M M A R Y  CORRELATED W ITH  W LN
Date: BIOLOGICAL A C TIV ITY  CATEGORIES— PERMUTED IN D E X  A C TIV ­
IT Y  CODE:— 0=NONE. I=SLIG H T. 2=MODERATE. 3 = H IG H .+ = N O  
DATA. ?=DATA INCOM PLETE
N 9 SC 1
1 76232 VS 20+ 3333210+2 T56 BN DNJ BVR& C XFFF GG H G
2 06340 RI 202 3333213+2 T56 BN DNJ B—SN—4&4&4
3 76352 R I 302 333322302 Z2S-SN-4&4&4
4 06779 R I 303 333323301 T6NJ BS-SN-/1V 3
5 36392 R I 202 333323312 T56 BNNNJ B-SN-3&3&3
6 42623 R I 202 3333233+1 3-SN-3&3&3 20
7 16364 R I 302 3333322+2 T56 BN DNJ B-SN-3&3&3
8 16305 RI 302 3333333+1 TN5 CNJ A-SN-3&3&3
9 22983 DB 3?? 333771022 T56 BM DNJ CXFFF GG H G
10 12718 BI 1?0 33 70000+3 T56 BM  DNJ CXFFF
11 43895 AP 100 33 7000++3 T56 BM DNJ CXFFF GF
12 13381 EA 331 33 700+++1 1S-SN-1&1&1
13 00634 FL 12+ 33 700+++2 T6NJ C VN N N
14 07542 VS 32+ 33700+++2 SCNR CG DG
15 20787 GL 100 33 700+++3 T56 BN CNJ BVOR& C XFFF FG
Biological data sequence: insecticidal activity; nematicidal activity; molluscicidal activity 
pre-and post-emergent herbicidal activities; bactericidal activity; in vitro and in vivo fungicidal 
activities; anthelmintic activities in rat and mouse; coccidiostat activity; oral toxicity to rat.
fig The combined permuted CA code and WLN
(from Saggers, 1974)
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spectrum of biological response and by examination of the structures, 
with the aid of WLN, to see what features they have in common (if 
any) which contribute toward this response, (Saggers,1974). An 
example of the permuted CA code plus WLN is shown in fig*16. In 
this, compounds with a high pre-emergent herbicidal activity (3) 
have been brought together. As result of the rules of the perm­
utation program the activity to the right, the post-emergent 
herbicidal response, is next in priority, and so on. In this 
example »it can be seen that compounds 2 to 8 have a very broad 
biological spectrum. Inspection of their WLNs reveals that» 
although a wide variety of organic moieties are represented in 
these active substances, they all possess a trialkyl tin group.
The respiration inhibition properties of this type of compound 
(Corbett, 1974) make this result not unexpected.
The second use of the permuted WLN plus CA file is to assist in 
determining the nature,or priority,of biological tests to be 
carried out ,with speculative compounds in a random screen. The 
structure of an offered compound can be translated to WLN ,and from 
this the biological spectrum of related structures on file>can be 
determined. This can then be used to establish priorities for the 
test with the novel compound.
4.3.3 A lead generative procedure using WLN and the categorisation
analysis 
4.4.3.1. the approach
In a later section will be described certain mathmatical regression 
techniques; e.g., Hansch (1969) and Free-Wilson (1964); which have been 
used for optimisation or prediction of structure-activity relationships 
in drug design. These methods, as will be described, are severely 
limited by their restriction to structurally closely related series. 
They are therefore of little value for the correlation of data where 
compounds fall into many different structural series, or no series at 
all; or for prediction of active compounds outside a structural class 
of known biological interest. Another major limitation is their 
weakness in dealing with data from inactive compounds. Essentially 
these methods are useful for optimizing previously recognised lead 
structures, not for generating new leads. In this section a lead 
generation method, based on the categorisation analysis, will be 
described which does not suffer from these restrictions.
In the consideration of the biological activity of any compound it is 
an evident truth that this must result from contributions of its 
structural components (or substructural features) and their 
interactions. Using this concept as a basis for a model a number of 
workers (Harrison, 1968; Hiller ej: al.,1973; Adamson and Bush, 1974, 
1975, 1976; Adamson and Bawden, 1975, 1976; Cramer et al.,1974,
Kowalski and Bender, 1974; Chu et al.,1975) have attempted to see 
whether significant correlations could be obtained by organising their 
biological and substructural data on the assumption that:-
a) the probability of a given biological effect could be usefully 
approximated by a first order analysis of substructural 
contributions (ignoring interactions).
b) the contribution of a given substructure to the probability of 
activity could be obtained from data on previously tested compounds 
possessing that structure.
4 .4.3.2 previous work
One of the most interesting developments along this line has been that 
of Cramer et al,(1974). In their work a series of 850 compounds was 
taken which had been examined by the Smith Kline and French 
laboratories for their antiarthritic-immunoregulatory effects in rats. 
The compounds were classified according to the SK&F fragment code 
(Craig and Ebert, 1969) which recognised 1200 fragments, including 
functional groups, rings, chains, inorganic moieties and other 
combinations. To remove inherent sample bias, and to ensure the 
analysis would not regenerate known information, they removed from the 
850 compounds those which were already members of recognised leads, 
leaving 770 compounds. Of these 189 (24.5%) were active.
From these 770 compounds they then prepared a "substructure activity 
frequency" (SAF) which was defined for each substructure as the ratio 
of the number of active compounds (A) containing the substructure to 
the number of tested compounds (T) containing the substructure.
The SAF represents therefore the contribution which that substructure 
can make to the probability of the compound being active. An 
"experience table" was prepared which contained the 492 SAF's 
corresponding to the 492 fragments found in the 770 compounds examined.
From these 492 SAFs they computed a "mean substructure activity 
frequency" (MSAF) for each compound which was the arithmetic mean of 
the SAF values of its fragments. Fig 17 illustrates the calculation of 
SAF and MSAF values for one of their compounds. The 770 compounds 
were then ranked by their MSAF values. Since a meaningful correlation 
would be reflected in a tendency for compounds of higher MSAF value to 
be active more frequently, the ranked compounds were partitioned into 
ten sets, each containing 77 compounds. The sets with high MSAF values 
were found to be significantly active more frequently than those with 
low MSAF values.
Fig. 17 Example of calculation of Substructure Activity Frequencies
(SAF's) and the Mean Substructure Activity Frequency (MSAF) 
for a Compound
(from Cramer et. al., 1974)
Fragment & Description
No. tested 
with fragment
No tested 
& active
Substructure 
act. freq. 
(SAF)
HC2, aliphatic CO^H 108 23 0.212
NL3, phenanthrene ring 
with one unsatura­
tion
1 1 1.000
0 0 0, carbon chain as 
functional group
198 49 0.247
003, methyl chain 309 83 0.268
006, quaternary carbon 78 18 0.230
0 18, unsaturated 2-carbon 
side chain
3 1 0.333
69/0, three rings 174 45 0.258
69/4 angular subst. 25 7 0.280
70/7 condensed alicyclic 
ring
31 12 0.387
74/Y, multiple subst. 452 115 0.254
74/X, substituents « to 
fusion
163 45 0.276
74/0, substituents 3 to 
fusion
160 47 0.293
74/5, 1,3 subst. pattern 100 33 0.330
75/X, germinal subst. 98 16 0.163
76/3, ring - C = 169 40 0.236
76/5, ring - CC = 111 23
total
0.207 
= 4.974
Mean (t 16) 0.3109
During the course of the work they found that some MSAF values could 
be strongly influenced by SAF values for substructures that were 
poorly represented within the total set of tested compound, i.e., the 
SAF value for a unique fragment would take either the value 1 or 0 
depending on whether it was active or not; To remove this bias groups 
of ten compounds were selected at random and new SAF values were 
calculated from the remaining 760 compounds. New MSAF values for the 
ten were obtained and the compounds ranked in order within the group. 
This sequence was repeated 77 times to include all the compounds. A 
count was made on the number of times the compound in the 1st, 2nd*
3rd etc. rank was active.
By preventing the compounds1 actual test result from influencing its 
own "predictive" MSAF value}or the values of other members of its 
group;it was hoped that the computation would remove bias and simulate 
approaches requiring the testing of additional compounds.
The results from this predictive approach reduced the degree of 
significance of the association between high MSAF values and activity 
(p = ^ 0.01 to p = ^ 0 .0 2 ) but it was still regarded as of sufficient 
interest to use as a predictive tool. To test this they calculated 
the MSAF values for a further 703 compounds which had also been tested 
for antiarthritic-immunoregulatory activity using the previously 
obtained SAF values.
To reduce the biasing here of unrepresentative structures^the SAF 
values of structures which occurred less than 6 times were ignored. 
Compounds for which SAF values for more than 10% of their 
substructures were not available were also excluded. This reduced the 
test set down to 489. The results again: showed a strong correlation
(p = 0.01) between high MSAF values and activity.
4.4.3.3 the present work 
i) the method
the method adopted for the investigation is an extension of the 
Cramer approach with the major difference that the complex and 
very specific SK and F 1200-feature fragment code is replaced by a 
small number (36) of simple fragments, generated automatically by 
computer from the WLN according to programmed instructions.
The fragments chosen are summarised in table 30. All are simple 
functional groups represented by single, pairs or triplets of WLN 
symbols.
Unlike the Cramer approach, in which the direct relationship 
between the separate fragments and the biological response was 
measured, interactions between combinations of fragments and the 
response were explored. The introduction of groups of fragments 
considerably increases the potential number of chemical 
configurations very significantly: e.g., using 36 fragments and 
taking any single, pair or triplet of fragments, the total number 
of possible combinations is 7806.
The fragments, unlike the other schemes reported (e.g., Cramer et
aL , 1974; Eakin, 1975; Berkoff et aL,1976), may or may not be
directly linked, i.e. they may represent active structures which
are separated at a critical distance by non-significant features
in the whole molecule. Thus combinations of simple chemical
features which occur in an active structure, whether they
contribute toward activity by stearic, electronic or
physico-chemical properties, may be detected. In the system
reported here the number of combinations was restricted to the 
third order through constraints in the computational facilities, 
i.e. single, pairs and triplets of fragments.
In the investigation described here the objective was the indent- 
ification of chemical fragments which contribute towards increasing 
the insecticidal activity of a molecule. An initial analysis was 
carried out with 150 compounds to check the feasibility of the 
method, using the aphicidal response (0-6 scale) as the measure of 
the insecticidal activity. The compounds chosen included examples 
of several insecticidal toxophors to test whether their active 
moieties would be detected. This analysis was followed by a 
second trial with 400 compounds, in which the results of the 
insecticidal categorisation analysis (0-3 scale) were used as the 
insecticidal measure.
Table 30 WLN Fragments
Type Fragment
number
WLN a) 
symbol
Chemical
structure
Note
Carbon 1 1
(or lone alpha 
symbol in 
contracted WLD)
X' upto 3 bonds 
may be substit­
uted by hydrogen
2 2 SCHCH^ 
/ \
3 3 )chch2ch'
4 4 'cHCH2CH2CH^
5 Y )CH- or 
)C=
6 X X no hydrogen 
substitution
Bond 7 U = double bond
8 UU c£ triple bond 
except as in 
frags 14,15&16
Phenyl
ring 9 R 0
Halogen 10 E -Br locant 'E1 
excluded
11 F -F locant 'F' 
excluded
12 G -Cl locant 'G* 
excluded
13. I -I locant 'I' 
excluded
Table 30 (cont)
Type
---------  ■
Fragment
number
WLN a) 
symbol
Chemical
structure
Note
Cyanate 
thiocyanate,
14 CN -CN
isothio-
cyanate 15 SCN -SCN
16 NCS -NCS
Nitrogen
functions
17 NW -no2
18 Z -nh2 n-nh2
functions
excluded
19 M -NH- N-NH functions 
excluded. May 
be in ring or 
chain
20 N ; n -
(hydrogen free)
N-N functions 
excluded. May 
be in ring or 
chain.
CN excluded.
21 NU -N=
(imino/imido, azo)
can also include 
=NN= or =NNH2 . 
May be ring or 
chain.
22 K
X
May be in ring 
or chain.
23 MN
MM
MZ
X
X^N-NH- 
(X can be H or 
other atom) May be in ring 
or chain.
_
24 NN
NZ
) n n (
>nnh2
. (X not H) May be in ring 
or chain.
Table 30 (cont)
Type Fragment
number
WLN a) 
symbol
Chemical
structure
Note
25 KN
KM
KZ
KK
^N-N^
' or
+
(X can be H 
other atom)
May be in ring 
or chain.
Sulphur 26 S -s -
-S=
—S02 and —SS- 
excluded. May 
be in ring or 
chain.
27 SS -ss-
28 SW -S02 Sulphur atom 
may be in ring 
or chain
Oxygen 29 0 -o - oxygen is 
hydrogen free. 
Acid (C02H) and 
ester (C02R) 
functions 
excluded.
30 Q -OH excluding acid 
hydroxyl (C02H).
31 QV
(ov)b
-c o 2h
(-C02R)b
.32 V J - excluding majo­
rity of acid 
(C02H) or 
amide (CONR) 
functions but 
including esters 
and salts and 
acyl functions
33 VM
VN
vz
(av)c
CONR2R2
(co2r)g
Table 30 (cont)
Type Fragment
number
WLN a) 
symbol
Chemical
structure
Note
Phosphorus 34d PS
PO
A X is S or 0
35 d PQ A
Organo metal 36d -SN-
-HG-
- c u -
Sn
Hg
Cu
Urea etc 34e ZVM
ZVM
MVM
NVM
NVN
R1R2NCONR3R4 Rj_4 may 
be anything. 
The symbols 
may occur in a 
ring or chain
Phosphorus 35e PS
PO
XX X is S or 0
36e PQ 
IP to 9P
N  XH )px
alkyl-P
Notes to table 30
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a) combinations of two symbols may occur in either order in the WLN 
according to rules of the notation
b) these structures were not included in this fragment in runs 1 and 2
c) these structures were included in this fragment in runs 1 and 2 only
d) these fragment definitions were used in runs 1 and 2 only
e) these fragments were used in all runs after 2
the structure fragmentation program
In order to allow the fragmentation of structures to be carried 
out entirely automatically the Wiswesser Linear Notation (WLN) was 
used as the basic chemical description. For reasons of expense 
and computational availability the numbers of fragments had to be 
kept below 40 if the multiple fragment approach was to be adopted 
since the number of possible combinations of single, double or 
triple choices increases very sharply with the number of 
fragments: e.g.
No. of fragments Possible number of combinations
of single + double + triple.
10 175
20 1350
30 
40 
50
As noted above the total fragments finally chosen was 36 with
possible total combination number of 7806.
The WLN fragmentation program used was derived from the ICL FIND 
system. This has logic limitations i.e. there is no ’NOT' feature 
which makes the precise definition of certain functions, e.g. 
ureas and amides, impossible. However it has the advantage of 
easy programming and it was felt that in the exploratory phase too 
much time could not be devoted to a special program preparation, 
until the approach had shown some indication of promise.
4525
10,700
20,875
iii) data preparation
Also in order to keep costs to a minimum a simple two-state * approach
was favoured initially over the multi-state- approach. The
insecticidal response was simplified to either active or inactive. In
-score
the first analysis compounds having an aphicidal activity/of 1 or more 
were regarded as active whilst in the second,compounds having a 
categorisation rating of 1, 2 or 3 were regarded as active and those 
with a 0 rating were regarded as inactive. Table 31 lists the coding 
generated for the first 150 compounds. In the left hand column is 
shown the code number of the compound. Next to this is the aphicidal 
activity rating (0-6 scale) and this is followed by 36 columns 
representing the 36 chemical fragments. In these columns,if a fragment 
is present a '1' printed, if absent an ’O ’. No weighing for
multiple appearance of a given fragment is allowed. .
The calculation of the SAF values is similar to that of Cramer with the 
addition of a weighting factor designed to reduce the bias which would 
be introduced by a fragment of a low overall frequency. This weighting 
has the effect of giving a value of 0.67, rather than 1, to an SAF in 
which a fragment combination appears only once and is linked with 
activity, and a value of 0.33 to one which only appears once and is 
linked with inactivity.
SAF = Number of compounds having fragment a  ^ and being active +1* 
Number of compounds having fragment a^ + 2*
(* weighting factor)
If fragment a^ is absent from all compounds it is defined as zero.
In a similar manner SAF values for pairs or triplets are defined as
Table 31 Chemical and biological attributes of batch 1' 
(biological activity is the insecticidal score 
against aphids: 0 - 6)
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The interaction level was limited to the third order in the analysis
for the following reasons:-
36
a) there are in all 2 possible combinations of the fragments. 
Only a small proportion of these would be non-zero but it is 
still large enough to make routine analysis lengthy and very 
expensive
b) it is less easy to place a clear chemical interpretation upon 
high order effects and the significance of individual fragments 
within compounds.
The analysis therefore produces:-
36 single fragment SAF values
630 paired fragment SAF values
7140 triple fragment SAF values
These are the maximum numbers of^fragments . In practice only non­
zero values are of interest. The SAF values are used in turn to 
compute the Mean Structure Activity Frequency or MSAF value in the 
same manner as Cramer et al.(1974) ; i.e., the arithmetic mean of 
the SAF values of the substructures present in the compound:
n
MSAF = E‘ SAF .
i=l N 1
This statistic is unbiased since it does not favour compounds 
containing a large number of fragments. It is an easily computed 
single statistic which retains most of the information of the single 
individual SAF values and, by definition, high values favour active 
compounds.
iv) results
From the analysis of the first 150 compounds, of which 46 were 
active, MSAF values were produced covering first, second, thitd 
order interactions and a combination of all three. The 
distribution of these values against the biological response are 
summarised in tables 32-35 below.
Table 32 Distribution of 1st order MASF values
MSAF Range No. of Compounds Proportion of 
active compounds
Active Total
<0.2 0 0
0 .2-0 .3 9 50 0.18
0.3-0.4 27 87 0.31
0.4-0.5 9 12 0.75
0.5-0.6 1 1 1.0
>0.6 0 0
totals 46 150
Table 33 Distribution of 2nd order MSAF values
Table 34
MSAF Range No. of Compounds Proportion of 
active compounds
Active Total
<0.2 0 3 0..0
0 .2-0 .3 4 52 0.07
0.3-0.4 19 65 0.29
0.4-0.5 13 20 0.65
0 .5-0.6 4 4 1.0
0.7-0.8 5 5 1.0
0 .8-0 .9 0 0
>0.9 1 1 1.0
totals 46 150
Distribution of 3rd order MSAF values
MSAF Range No. of Compounds Proportion of 
active compounds
Active Total
< 0.20 0 2 0.0
0 .2-0 .3 3 54 0.06
0.3-0.4 5 45 0.4
0.4-0.5 15 27 0.56
0.5-0.6 13 14 0.93
0 .6-0 .7 4 4 1.0
0.7-0.8 4 4 1.0
>0.8 0 0
totals 46 . 150
Table 35 Distribution of combined 1st, 2nd and 3rd order MSAF
values
MSAF Range No. of Compounds Proportion of 
active compounds
Active Total
<0.2 0 0 _  -
0 .2-0 .3 3 48 0.06
0.3-0.4 15 65 0.23
0.4-0.5 16 25 0.64
0.5-0.6 7 7 1.0
0 .6-0 .7 5 5 1.0
>0.7 0 0 •
totals 46 150
v) discussion of first run
In order to compare the degree of significance between these 
analyses and distributions,the method of Cramer et al.was 
followed. This involved the following scheme of computation:-
a) the data on the 150 compounds was divided into 15 blocks of 10.
The compounds in each block were chosen at random by means of a
random number generator in the program.
b) the data in each block was ranked in descending MSAF order. The
top 15 compounds of each block were then compared to see how many
were in the 'active' and how many in the 'inactive' category. If 
the MSAF does discriminate between active and inactive it would be 
expected that more active than inactive compounds would be ranked 
first
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c) the distribution of the active compounds through the rank (1 to 10)
• 0  m m
were then tested using the X test, the null hypthesis being that 
active compounds are distributed randomly throughout the ranks.
Table 36 shows the distribution of the ranking values and the results 
of the X analysis for the four different tests.
Table 36 Summary of Ranking and Activity Against MSAF value for
150 Compounds.
Distribution of compounds in active/inactive categories
Rank 1st order 2nd order 3rd order Combined
A I A I A I A 1
1 9 6 14 1 15 0 14 1
2 5 10 10 5 11 4 13 2
3 6 9 9 6 7 8 6 9
4 5 10 3 12 4 11 3 12
5 4 11 4 11 3 12 4 11
6 5 10 0 15 1 14 1 14
7 4 11 2 13 1 14 2 3
8 3 12 2 13 0 15 1 14
9 3 12 1 14 1 14 1 14
10 2 13 1 14 3 12 1 14
X2 = 
p(df=9)=
10.79 
0.5-0.2
66.14
< 0.001
69.10
<0.001
74.34
<0.001
From table 36 it can be seen that there is an increase in the 
discriminatory power of the MSAF values; i.e. an increasing departure 
from a random distribution, as the analysis progresses from 1st order 
interactions through the 2nd and 3rd orders to a combination of all 
three interactions.
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vi) second run : 400 compounds
The promising results obtained in the first run using a small 
number of compounds lead to a second run being performed in which 
400 compounds were selected. In this example the insecticidal 
activity was classified using the categorisation analysis.
In this run to keep computer time to a minimum, the 3rd order
interaction alone was omitted. The results of the distribution of
ranking are summarised in table 37. Here the 400 compounds were
grouped into 30 blocks but only the top ten in each were included
* 2 • • • *m  the X analysis. The elimination of 11 and above does reduce
sensitivity of the test.However it was thought that at this stage
of the development of the method it would not be too serious, and 
would give the computer program a greater deal of flexibility.
Table 37 Summary of Ranking and Activity Against MSAF value for
400 Compounds
Rank Distribution of Compounds in active/inactive categories
1st order 2nd order Combined
1st, 2nd & 3rd order
A I A I A I
1 21 9 23 7 24 6
2 17 13 18 12 24 6
3 16 14 17 13 12 18
4 12 18 16 14 12 18
5 10 20 7 23 11 19
6 4 26 6 24 9 21
7 4 26 6 24 3 27
8 2 28 4 26 3 27
9 6 24 2 28 4 26
10 3 27 0 30 0 30
X
 
■ 
K> II 75.778 96.66 112.29
p (df=9) = < 0.001 < 0.001 < 0.001
The distributions of MSAF values for these compounds are summarised in 
tables 38-40.
Table 38 Distribution of 1st order MSAF values: 400 compounds
MSAF
range
No. of Compounds Proportion of 
Active Compounds
Active Total
<0.2 5 65 0.08
0 .2-0 .3 48 262 0.18
0.3-0.4 41 58 0.71
0.4-0.5 10 15 0.67
>0.5 0 0
Totals 104 400
Table 39 Distribution of 2nd order MSAF values: 400 compounds
MSAF
range
No. of Compounds Proportion of 
Active Compounds
Active Total
<0.2 6 144 0.04
0 .2-0 .3 26 147 0.18
0.3-0.4 29 57 0.51
0.4-0.5 23 27 0.85
0.5-0.6 9 13 0.69
0 .6-0 .7 8 9 0.89
0.7-0.8 2 2 1.00
0 .8-0 .9 1 1 1.00
>0.9 0 0
Totals 104 400
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Table 40 Distribution of Combined 1st, 2nd & 3rd order MSAF
values: 400 compounds
MSAF
range
No. of Compounds Proportion of 
Active Compounds
Active Total
< 0.1 0 21 0.00
0.1-0.2 11 198 0.06
0 .2-0 .3 33 103 0.32
0.3-0.4 25 39 0.64
0.4-0.5 27 31 0.87
0.5-0.6 3 3 1.00
0 .6-0 .7 0 0 -
0.7-0.8 5 5 1.00
> 0.8 0 0
Totals 104 400
9  • • • • •
The x statistic of table 37 compared with table 36,indicates that 
there is an increase in the discriminatpry powers of the analysis with a 
larger number of compounds; also from a comparison of both tables 36 
and 37>and from a comparison of tables 38-40,it is evident that the 
most discriminant analysis is that which combines all three components.
4.4.3.4 application of SAF and MSAF values
At this point two different applications of the results are possible:
a) The SAF values per se for the fragment combinations can be used as 
a guide to the selection of chemical moietj.es, for synthesis of 
compounds with a greater chance of activity. Here the chemical 
nature of the fragments with high SAF values is of particular 
interest.
b) The MASF values can be calculated for untested compounds using the 
SAF values generated from the initial set. These can then be used 
as a guide to determine priorities for screening in a future test 
programme; i.e. the MSAF values can be used predictively. This is 
of particular value where a large number of speculative compounds 
require examination,and priorities of compound or labour have to be 
determined.
4.4.3.5 applications of SAF values
i) prediction of active structure combinations from SAF values
In the analysis of the first 150 compounds and the second 400 
compounds, 1243 and 2165 respectively, non-zero SAF values were 
obtained, ranging from 0.9 to 0.01. Their distribution is shown in 
table 41. In both sets the distribution shows distinct peaks in 
the 0.65 to 0.69 and 0.30 to 0.34 bands,, as a result of the 
weighting given to the active or inactive fragment combinations of 
very low frequencies. This weighting however has prevented the 
inclusion of low frequency active combinations appearing in
the upper SAF values,and thereby inferring possibly spurious active 
structures. One would expect that these peaks would be 
proportionally reduced as the number of compounds, and therefore 
number of examples of each fragment combination, submitted to the 
analysis increased.
In fact, the proportion of compounds in the 0.65 - 0.69 category does 
decrease from 9.09% in the 150 compound batch to 6.74% in the 400 batch 
and those in the 0.30 - 0.34 category from 31.93% to 29.33%. In a 
third run involving 950 compounds, discussed later, these percentages 
were reduced further to 5.65 and 25.21% respectively. In deciding 
therefore which SAF values were of interest for the identification of 
active molecular combinations the cut-off point was taken as 0.67 to 
avoid low frequency groups. The 54 highest SAF values (>0,67) in the 
first batch of 150 compounds are listed in table 42, whilst the 75 
highest SAF values from the second batch of 400 are listed in table 
43. Their structural identity is also shown.
Table 41 SAF values distribution in 150 and 400 compound samples.
SAF value 
range
Frequency 
150 400 
compound compound 
batch batch
)) 0.95 0 0
0.90 - 0.94 0 1
0.85 - 0.89 5 19
0.80 - 0.84 9 7
0.75 - 0.79 27 32
0.70 - 0.74 13 14
0.65 - 0.69 113 (9.09) 146 (6.74)
0.60 - 0.64 33 49
0.55 - 0.59 16 23
0.50 - 0.54 116 151
0.45 - 0.49 13 22
0.40 - 0.44 87 99
0.35 - 0.39 34 50
0.30 - 0.34 397 (31.93) 635 (29.33)
0.25 - 0.29 177 278
0.20 - 0.24 84 204
0.15 - 0.19 63 136
0.10 - 0.14 55 211
0.05 - 0.09 1 76
0.01 0.04 0 12
Totals 1243 2165
Note % ages are given in parentheses.
Table 42 The 54 highest SAF values obtained with the first batch 
of 150 compounds and their structural identity
SAF NO. Fragment
combination3^
SAF
value
Structural identity
1
2
3
1 0,
6 ,
6 ,
11
10
1 0 , 11
0.889
0.875
0.875
Br + F 
-CR3 + Br 
-CR3 + Br + F
4 6 , 1 0, 12 0.857 -CR3 + Br + Cl
5 1 0, 1 1, 12 0.857 Br + F + Cl
6 3, 6 , 10 0.833 CCH2 )3 or propyl +-CR3 + BR
7 3, 10 0.833 (CH2)3 or propyl + Br
8 3, 1 0, 11 0.833 (CH2)3 or propyl + Br + F
9 3, 1 0, 12 0.833 (019)3 or propyl + Br + Ce
10 3, 1 0, 20 0.833 (01^)3 or propyl + Br + ^.N-
11 6 , 1 0, 20 0.833 CR3 + Br + ^N-
12 10, 11, 20 0.833 Br + F + )N-
13 26, 30, 33 0.800 -S- + OH + CONR2
14 28, 30, 33 0.800 S02 + OH + C0NR2
15 1 , 2 , 8 0.750 (CH2R or Me + (012)2 or Et
16 1, 8 , 20 0.750
+ triple bond (eg. CH2C = CH) 
RCH2R or Me + triple bond + }N-
17 2 , 8 , 20 0.750 (012)2 or ET + Triple bond + >N-
18 6 , 9, 10 0.750 CR3+ phenyl + Br 
0
CR3 + Br + - C -19 6 , 1 0, 32 0.750
20 6 , 1 0, 33 0.750 CR3 + Br + -CONR1R2 or CO2R
21 7, 8 , 20 0.750 double bond + triple bond + >N-
22 8 , 20 0.750 triple bond + ^N-
23 8 , 2 0, 26 0.750 triple bond + }N- + -S-
24 9, 1 0, 11 0.750 Phenyl + Br + F
25 9, 1 0, 34 0.750
\ O 8 N 
Phenyl + Br + P or P 
/  V  ^
26 9, 12, 34 0.750
. s v 0\ ❖ ^ <5-
Phenyl + Cl + ^Psor ^PN
27 9, 17, 33 0.750 Phenyl + -NO2 + -CONR1R2 or CO2R
28 9, 19, 28 0.750 Phenyl + -NH + -SO2
29 9, 29, 34 0.750 Phenyl + -0- + p^or p ^
30
31
9,
10,
34
11, 32
0.750
0.750
✓  \ / \
s 0  ■
•DU 1 J. N ^  \ #Phenyl + p or p 
6  ' /\
Br + F+ -d-
32 1 0, 11, 33 0.750 Br + F + CONR1R2 or CO2R
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33 1 0, 1 2, 34 0.750
34 1 0, 29, 34 0.750
35 1 0, 34 0.750
36 1 2, 29, 34 0.750
37 12, 34 0.750
38 26, 30, 32 0.750
39 28, 30, 32 0.750
40 29, 34 0.750
41 34 0.750
42 1 0, 12 0.750
43 3, 6 0.714
44 3, 6 , 11 0.714
45 3, 6 , 12 0.714
46 3, 6 , 20 0.714
47 3, 11 0.714
48 3, 11, 12 0.714
49 3, 1 1, 20 0.714
50 3, 12, 20 0.714
51 3, 20 0.714
52 6 , 9, 33 0.714
53 1 0, 12, 20 0.714
54 1 , 17, 33 0.700
Br + C1+
s
\
p or 
' Sos
V° 
/ \
Br + 1 0 1 + x p^ or V
s / \ 0 / '
Br + or \p
s '  o
Cl + -0- + '''p7 or '
S ' '  '  '
Cl + ^p*^ or N p* 0
/ N £ 7 V
-S- + OH + -C- (NB excluding-COOH)
0
-S02 + OH + -c-
v o
-0- + p^ or N p^
✓ N f \
(CH2 ) 3  or propyl + CR3
(CH2 ) 3  or propyl + CR3  + F
(CH2 ) 3  or propyl + CR3 + Cl
(CH2 ) 3  or propyl + CR3  + ^N-
(CH2 ) 3  or propyl + F
(CH2 ) 3  or propyl + F + Cl
(CH2 ) 3  or propyl + F + ) N-
(CH2 ) 3  or propyl + Cl + } N- 
(CH2 ) 3  or propyl + N-
-CR3  + Phenyl + -C0NRjR2 or C02R 
Br + Cl + )N-
RCH2R or Me + N02 + -C0NRiR2 or C02R
Note a) fragment numbers are those listed in table 30
Table 43 chemical identification of 75 highest SAF values in file
of 400 compounds
iF NO. Fragment
combination3 )
SAF
vali
1 10, 11 0.900
2 1, 34 0.889
3 6 , 1 0, 11 0.889
4 3, 6 0.875
5 3, 11 0.875
6 1, 29, 34 0.875
7 3, 6 , 11 0.875
8 3, 6 , 12 0.875
9 3, 6 , 20 0.875
10 3, 11, 12 0.875
11 3, 11, 20 0.875
12 6 , 1 0 , 12 0.875
13 10, 11, 12 0.875
14 3, 6 , 10 0.857
15 3, 1 0, 11 0.857
16 3, 10, 12 0.857
17 3, 10, 20 0.857
16 3, 1 0, 12 0.857
17 3, 10, 20 0.857
18 6 , 1 0, 20 0.857
19 10, 11, 20 0.857
20 12, 29, 34 0.857
21 1, 12, 34 0.833
22 6 , 10 0.800
23 1, 9, 34 0.800
24 2 , 12, 34 0.800
25 2 , 26, 34 0.800
26 3, 12, 26 0.800
27 12, 17, 19 0.800
28 3, 12, 20 0.778
29 11, 12, 20 0.778
30 6 , 12, 20 0.765
Structural identity
Br + F
s o
M  , \ &  \Me + p or p
\  /  v
CR3 + Br + F ' N 
(CH2)3 or Propyl + CR3 
(CH2)3 or Propyl + F
s o
Me + -0- + ^p^ or Sp^
(CH2)3 or propyl + CR3 + F
+ CR3 
+ CR3
+ Cl 
+ ) N-
+ F + Cl 
+ F + ) N- 
CR3 + Br + Cl 
Br + F + cl
(CH2)3 or propyl + CR3 + Br 
+ Br + F
Br
Br
Br
c r 3 -
Br +
Br 
? +
+ > N-
; n -
C1
F
Cl
)N-
C1 + 0 +
Me + Cl + 
CR3 + Br
s 
\ *
A ors
or
\ 
A
o
AMe + phenyl +
(CH2)3 or ET + Cl +
or / s
s
\
P or 
/ \
v
.P. or(CH2)3 or ET+ -S- +
(CH2)3 or propyl + Cl + S
Cl +N02 + - NH
(CH2)3 or propyl + Cl + ^N-
F + Cl + ) N-
CR3 + Cl + ) N-
\ o 
P:v
^ps
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Table 43 (Cont)
SAF NO. Fragment
.iona)
SAF Structural identity
combinat value
31 3, 10 0.750 (CH2)3 or propyl + Br
32 1 0, 34 I 0.750
' V \
Br + P or P / \
S v O
33 1 2, 34 ! 0.750!
\ V ' o
Cl + Pv or P
S aV v yV
34 29, 34 0.750
_ \ V  N Cr
0 + Pv or P / N / '
35 1 , 2 , 34 0.750
,S ,0
Me + (CH2)2 or ET + ^P# or P
36 1, 5, 34 0.750 Me + ) CH- or )c= + Sp' or V
37 1 , 14, 21 0.750 Me + CN + -N= ' /V
38 34
A  V < ?
1, 26, 0.750 Me + -S- + or xPs
39 2 , 12, 21 0.750 (CH2 )2 or Et + Cl + -N=
40 2 , 1 2, 30 0.750 (CH2 )2or Et + Cl + OH
41 2 , 2 0 , 21 0.750 (CH2 )2 or Et + >N- + -N=
42 4, 6 , 19 0.750 (CH2)4 or Butyl + CR3 + -NH
43 4, 11, 19 0.750 (CH2)4 or Butyl + F + -NH
44 4, 1 2, 19 0.750 (CH2>4 or Butyl + Cl + -NH
45 4, 19, 20 0.750 (CH2 )4 or Butyl + -NH + )N-
46 4, 19, 26 0.750 (CH2)4 or Butyl + -NH + -S-
47 4, 19, 28 0.750 (CH2)4 or Butyl + -NH + SO2
48 5, 2 0, 26 0.750 y CH- or )C= + >N- + -S-
s v 0
49 5, 29, 34 0.750
v \ \ " ' *
yCH- or )C= + -0- + or P%
50 6 , 9, 10 0.750 CR3 + Phenyl + Br /
A
51 6 , 1 0, 32 0.750
U
CR3 + Br + -C-
52 6 , 10, 33 0.750 CR3 + Br + -CONR1R2 or CO2R
53 9, 10, 11 0.750 Phenyl + Br + F
s °  \
54 9, 10, 34 0.750 Phenyl + Br + XP or P
9 ' '
55 10, 11, 32 0.750 Br + F + -C-
56 1 0 , 11, 33 0.750 Br + F -  CONR2R2 or CO2R 
o „s
57 10, 12, 34 0.750 Br + Cl + p" or 'p* /  \ / \
0 s\ ^ /y
58 1 0, 29, 34 0.750 Br + 0 + Ps or 'ps
59 4, 19, 21 0.750 (CH2 )4 or "'Butyl + '-NH + -N=
0  s
60 2 , 34 0.727 (CH2 )2 or Et + 'p* or X
Table 43 (Cont)
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SAF NO. Fragment
iona)
SAF Structural identity
combinat value i
1
61 3, 26 0.727 (CH2 ) 3  or propyl + I CO 1 0
CO
1 CO II
0
62 2 , 29, 34 0.727 (CH2 ) 2  or ethyl + 0
+  A  °r / P S  I
j63 6 , 1 1 , 1 2 0.727 CR3  + F + Cl
64 6 , 1 2 , 19 0.727 CR3  + Cl -NH- 5
65 6 , 19, 2 0 0.727 CR3  + -NH- + )N- 1
6 6 1 0 , 1 2 , 2 0 0.727 Br + Cl + >N- j
67 1 1 , 1 2 , 19 0.727 F + Cl + -NH-
1
1
6 8 1 2 , 19, 2 0 0.727 C1 + -NH- + >N- if
s 0
A  o r  A
s  ^0
69 34 0.722
70 26, 34 0.714 S + V  or'sp // N  / N
S 0
71 9, 1 2 , 34 0.714 Phenyl + Cl + ^P.C 
s
or
0
72 26, 29, 34 0.714 -S- + -0- + or
73 1 0 , 1 2 0.706 Br + Cl
74 3, 2 0 0.692 (CH2 ) 3  or propyl + )N-
75 6’ 1 2 0.692 CR3  + Cl
Note a) fragment numbers are as listed in table 30
ii) discussion of results (batch I: 150 compounds)
In this first batch, which were selected merely to investigate the 
feasibility of the approach and to test the operation of the 
programs, 54 individual SAF values o f)» 0.67 were identified 
(table 41). In such a small series of compounds the chemical 
nature of these active SAF combinations will clearly be influenced 
significantly by any small group of active compounds included. In 
this particular example the identity of the high SAF values was in 
fact heavily biased by the inclusion of several active 
benzimidazoles of structure type:
V " N \r vp3
where R = H or propyl
V
D
X = Cl, Br or F 
n = 1-4
and organophosphates of structure type:
where R = CH^ or 
X = 0 or S
Y = halogenatedphenyl or 
other group
These examples were deliberately included to test the system since 
it was felt that if the analysis failed to detect structural 
configurations in these active groups then it could be eliminated 
from further studies.
In table 42. the chemical identities of the most active 54 SAF 
values are shown in descending order of SAF value.
0 4 - <
X
A perusal of this table suggests that there is a considerable 
degree of overlap of the chemical constituents of the active SAF 
values and that they may be grouped into series of interrelated 
structures; e.g. SAF I consisting of bromine and fluorine^clearly 
relates to SAF 5 which consists of bromine, fluorine and chlorine. 
The lower SAF value of the second however, indicates that this 
combination is less frequently associated with high activity than 
the first. If these SAF values are listed together with their 
constituent chemical fragments (table 44) a visual impression of 
the relationships can be formed from the mosaic produced. Firstly 
it would appear that sixteen chemical fragments are totally absent 
from these active SAF combinations: e.g. 4, 5, 13, 14, 15, 16, 18,
21, 22, 23, 24, 25, 27, 31, 35 and 36: with activity residing in 
combinations of the remaining twenty. This is naturally a feature 
which would be significantly influenced by the structure of the 
compounds submitted.
Table 44 may be rearranged to show these interrelationsips more 
clearly. However without some further mathematical treatment this 
can be a highly subjective procedure and it was therefore decided 
to subject the data to cluster analysis. These are statistical 
procedures designed to quantify similarities between objects and 
have been fully described by Sokal and Sneath (1963), Wishart 
(1969) and Sneath and Sokal (1973).
1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0.88?
2 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0.875
3 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0.875
4 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0.857
5 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0.857
6 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0.833
7 . 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0.833
8 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0.833
9 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0.833
10 0 0 1 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0.833
11 0 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0.833
12 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0.833
13 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0.800
14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0.800
15 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.750
16 1 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0.750
17 0 1 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0.750
18 0 0 0 1 0 0 1 1 0 0 0 . 0 0 0 0 0 0 0 0 0 0.750
' 19 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0.750
20 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0.750
21 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0.750
22 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0.750
23 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0.750
24 0 0 0 0 0 0 1 1 , 1 0 0 0 0 0 0 0 0 0 0 0 0.750
25 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0.750
26 0 0 0 0 0 0 1 0 0 1 0 0 ■ 0 0 0 0 0 0 0 1 0.750
27 0 0 0 0 0 0 1 , 0 0 0 1 0 0 0 0 0 0 0 1 0 0.750
28 0 0 0 0 0 0 1 ’ 0 0 0 0 .1 0 0 1 0 0 0 0 0 0.750
29 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 1 0.750
30 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0.750
31 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0.750
32 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 O' 0 0 1 0 0.750
33 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 1 0.750
34 0 0 0 •0 0 0 0 1 0 0 0- 0 0 0 0 1 0 0 0 1 0.750
35 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0.750
36 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0.750
37 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0- 1 0.750
38 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 0.750
39 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0.750
40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0.750
41 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0.750
42 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0.727
43 0 0 1 1 0 0 0 o 0 0 0 0 0 0 0 0 0 0 0 0 0.714
44 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0.714
45 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0.714
46 0 0 1 1 0 0 0 0 0 0 0 0 1 0 0 o 0 0 0 0 0.714
47 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0.714
48 0 0 1 0 0 0 0 0 1 1 0 . 0 0 0 0 0 0 0 0 0 0.714
49 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0.714
50 0 0 1 0 0 0 0 0 0 . 1 0 0 1 0 0 0 0 0 0 0 0.714
51 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0.714
52 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0.714
53 0 0 0 0 0 0 0 1 0 1 0 ■ 0 1 0 0 0 0 0 0 0 0.714
54 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0.700
Totals 3 2 1413 1 6 9 24 12 12 2 1 13 3 3 4 4 4 7 11
Note: 0 = absent
1 = present
Table 44 The 54 highest SAF values ii 
the first batch (150 cpds) 
showing fragment distributii
1
27
52
54
1 1 1 
1 1
1 1
0 . 7 5 0
0 . 7 1 4
0 . 7 0 0
2 28 1 1 1 0 . 7 5 0
1 1 1 0 . 8 8 9
3 1 1 1 0 . 8 7 5
12 1 1  1 0 . 8 3 3
3 24 • 1 .1 1 0 . 7 5 0
31 1 1  1 0 . 7 5 0
32 1 1 1 0 . 7 5 0
4 15 1 1 1 0 . 7 5 0
6 1 1  1 0 . 8 3 3
5 7 1 1 0 . 8 3 3
9 1 1 . 1 0 . 8 3 3
10 1 1 1 0 . 8 3 3
16 1 1  1 0 . 7 5 0
17 1 1  1 0 . 7 5 0
6 21 1 1 1 0 . 7 5 0
22 1 1 0 . 7 5 0
23 . 1  1 1 0 . 7 5 0
33 1 1  1 0 . 7 5 0
7 35 1 1 0 . 7 5 0
37 1 1 0 . 7 5 0
41 1 0 . 7 5 0
4 1 1 1 0 . 8 5 7
a 5 1 1 1 0 . 8 5 7
4 2 1 1 0 . 7 2 7
53 1 1 1 0 . 7 1 4
2 5 1 1 1 0 . 7 5 0
26 1 1  1 0 . 7 5 0a 29 1 1 1 0 . 7 5 0
30 1 1 0 . 7 5 0
2 0 . 8 7 5
11 1 1  1 0 . 8 3 3
10 18 1 1 1 0 . 7 5 0
19 1 1  1 0 . 7 5 0
20 1 1  1 0 . 7 5 0
34 1 1 1 0 . 7 5 0
11 36 1 1 1 0 . 7 5 0
4 0 1 1 0 . 7 5 0
13 1 1 1 0 . 8 0 0
14 1 1 1 0 . 8 0 0
1Z 38 1 1 1 0 . 7 5 0
. 3 9 1 1 1 0 . 7 5 0
46 1 1  1 0 . 7 1 4
49 1 * 1  1 0 . 7 1 4
13 50 ' 1 1 1 0 . 7 1 4
51 1 1 0 . 7 1 4
43 1 1 . 0 . 7 1 4
14 44 1 1  1 0 . 7 1 4
45 1 1 1 0 . 7 1 4
8 1 1 1 0 . 8 3 3
1 5 47 1 1 0 . 7 1 4
48 1 1 1 0 . 7 1 4
NB 1 ** fragment present Table 45 Clusters identified by SCICON
Space *» fragment absent Single Linkage Analysis.
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In the first trial the data were subjected to the SCICON 
Euclidean distance cluster analysis (Version 1: Single Linkage, 
Nearest Neighbour) run on a Univac 1100. In this analysis 15 
clusters were identified and their constitution is shown in table 
45.
In this it can be seen that certain SAF values can be associated 
as being more similar to each other than others. For example 
cluster 3, which consists of six SAF values, relates the highest 
value SAF ; presence of bromine and fluorine: with the trisubstit­
uted carbon (CR^), a trisubstituted hydrogen-free nitrogen, a 
carbonyl group, a carboxylic ester or acid amide, and a phenyl 
group. Cluster 5 consists of the bromine, three carbon chain and 
trisubstituted carbon combination with chlorine on the one hand 
and a trisubstituted hydrogen-free nitrogen on the other.
These and the other important clusters identified in this group 
are illustrated in figs 18 and 19. Inspection of table 45 and 
the figures indicates that clusters 3, 5, 10, and 13, and clusters 
8 and 14 (not illustrated) all represent chemical fragments 
primarily donated by the benzimidazoles. The trisubstituted carbon 
(CR^), from inspection of the compounds possessing the active 
combinations, is in this context the trifluoromethyl group CF^. The 
hydrogen-free nitrogen is the nitrogen in position 3 of the benzim- 
idazole ring. In cluster 3 the association of bromine and fluorine 
with the trisubstituted carbon (SAF 3) with a phenyl group (SAF 24) 
and a carbonyl (SAF 31) as well as an amide or ester function (SAF 32)
results from the inclusion of four highly active trifluoroacyl 
anilines possessing chloro or bromo ring substituents: i.e., 
of structure type:-
NHCOCF
Circles represent the WLN fragments. The chemical 
identity is shown within together with the fragment 
number (from table 30).
The relationship between the fragments, as derived . 
from the cluster analysis, is indicated by lines 
joining the circles. The number, or numbers, beside 
the lines indicates the SAF fragment group. For 
example in cluster number 1, the number 27 on lines 
joining fragments 9, 17, and 33 indicates that SAF 
27 consists of fragments 9, 17, and 33: whilst the 
number 52 on the line joining fragment 6 and 9 
indicates that these are the components of SAF 52.
The relative positions of the circles representing 
the WLN fragments is entirely subjective and the 
distances and spacial relationships have no significance
176
Fig. 18 Diagramatic representation of SAF clusters derived from 
the first run: from table 45 (SCICON CLUSTER ANALYSIS)
-NO-
CLUSTER 1
-CR
-CR
20
,N—
CLUSTER 5 .
-CR
6,49
50,51
CR.
24 ,31 ,32
2(T
CLUSTER 3
GH
20
N-
-S-
CLUSTER 6
CLUSTER 13
19 Diagramatic representation of SAF clusters derived from 
the first run.
CLUSTER 7
CLUSTER 9 CLUSTER 11
r  3 3 '
•CONRf{
kCO,R>
-CONRR 
\C O ,R  >
CLUSTER 12 > —
CLUSTER 10
A second interesting series of clusters are those centred around 
the organophosphorus fragment, i.e., clusters 7, 9 and 11: fig. 19.
These clearly highlight the interrelationships of the components 
of the active organophosphates included as markers in the set.
The SAF structure fragment matrix was also run on the CLUSTAN 
package at Surrey University. This program suite has the advantage 
over the SCICON program of a wide range of clustering algorithms, 
which can be compared on an intuitive basis for their value and 
significance. In addition the clusters can be produced in the 
two-dimensional form, the dendrogram, which is valuable for showing 
within cluster relationships. Eight different clustering routines 
were applied to the SAF fragment data; they were:-
Median
Ward's Method 
Lance/Williams (8 = 0.25)
McOuitty Analysis
The merits and deficiencies of these different routines are
discussed in detail by Sneath and Sokal (1973). The first
routine produced the 'chaining* effect typically associated
with single linkage analysis which made separate cluster indentification
Nearest Neighbour 
Furthest Neighbour 
Group Average 
Centroid
difficult. The 'furthest neighbour1 method (Lance and Williams, 1967) 
produced one of the best series with tight discrete clusters which were 
easy to identify. This is illustrated in fig. 20. The level at which 
discrete clusters can be distinguished in the dendrogram depends on the 
level of significance intuitively derived by the operator from 
inspection. In this example the level was set at about 1.2 which 
classified the SAF's into 15 clusters, which are identified by 
horizontal bars at the bottom of the diagram.
In fig. 21 the interrelationships of the SAF's and fragments of the
i o
first cluster (fig. ../>), identified by the CLUSTAN program, are 
illustrated. This cluster bears a close identity with clusters 3,5 and 
l£ illustrated in fig.18 and represents the chemical constituents of 
2-trifluoromethyl benzimidazoles. Similarly clusters 4,5 and 7 of fig.
2o define the active organophosphate constituents.
Too much should not be read into the results of the first run however 
because,as indicated earlier, the chemical constituents were restrcted 
and biased by deliberately included marker compounds. For this reason 
the results of this particular analysis will not be discussed in detail. 
discussion of resu11 s: batch 2 (400 compounds)
The results of the second run (400 compounds) are of greater interest 
because of the larger chemical file imput, although it was still biased 
by the markers. The 75 active SAF values(X 0 . 67) and chemical fragment 
matrix for this set is summarised in table 46 with the results of the 
CLUSTAN analysis using the 'furthest neighbour' algorithum illustrated 
in fig. 2 2.
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Fig.20 Dendrogram from cluster analysis of highest SAFs (54) 
of first run: Furthest Neighbour method.
7.5855
6.8111
6.0867
5.2622
4.4878
2.9390
I.3902
0.6158
— — CMCM<~co^ iC5>-— cvmo*
t = d  * * t- I *   -■ ■* » ■ j > « a  I t )  t d  fcl t d  I
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Fig. 21 Constituents and interrelationships of the twelve 
SAFs and their fragments of cluster number 1 
from fig 2 0 .
Key as for fig 18.
c-o
20 
N —CR.
19.
10,
Br
.6 ,7 ,8 ,
(CH.)
SAF No
Fragment Numbers 
1 2 3 4 5 6 9 10 11 12 14 17 19 20 21 26 20 29 30 32 33 34
SAF
Val ue
1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 9 00
2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 . 0 09
3 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 009
4 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 75
5 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 75
6 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 . 0 75
7 0 0 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 75
0 0 0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 7 5
9 0 0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 . 0 75
10 0 0 1 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 . 075
11 0 0 1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 . 075
12 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 75
13 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 75
14 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0. 057
15 0 0 1 0 0 0 0 1 .1 0 0 0 0 0 0 0 0 0 0 0 0 0 0. 057
16 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 •0 0 0 0 0 0 0. 057
17 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 . 057
10 0 0 0 0 a 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0. 057
19 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0. 057
20 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 . 057
21 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 . 0 33
22 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.000
23 1 0 0. 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0.000
24 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0.000
25 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0.000
26 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0.000
27 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 . 0.000
20 0 0 1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 . 7 70
29 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 . 7 70
30 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 . 7 6 5
31 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 7 5 0
32 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 . 7 50
33 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 . 7 5 0
34 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 . 7 5 0
35 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 . 7 50
36 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 . 7 5 0
37 1 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 . 750
30 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 . 7 50
39 0 1 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 . 7 50
40 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 . 7 50
41 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 . 7 50
42 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 750
43 0 0 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 . 7 50
44 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 . 7 50
45 • 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 . 7 50
46 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 . 750
47 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 . 7 50
40 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 . 7 50
49 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 . 7 5 0
50 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 7 5 0
51 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 . 7 50
• 52 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 . 750
53 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 . 7 50
54 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 . 750
55 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 . 7 50
56 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 . 7 50
57 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 . 750
50 0 0 0 0 0 0 0 1 0 0 0 0 0. 0 0 0 0 1 0 0 0 1 0 . 760
59 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 . 750
60 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0. 727
61 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0. 727
62 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0. 727
63 0 0 0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0. 727
64 0 0 0 0 0 1 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0. 727
65 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 . 727
66 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0. 727
67 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0. 727
60 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0. 727
69 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 . 7 22
70 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0. 714
71 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0. 714
72 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0. 714
73 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 . 706
74 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 . 6 92
75 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 a 0 0 0 0 0 0 . 692
Totals 0 0 16 7 3 10 6 24 16 26 1 1 11 15 4 0 1 7 1 2 2 24
1 I
13
3
5
10
15J 7
n 4
8
14
12
22
18
30
16
31
66
73
32
57
33
69
9
17
28
74
11
19
29
n 63
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67
65
U 68
n 26
61
38
u 70
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21
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n 2 0
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62
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n 23
54
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50
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u 42
n 24
60
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u 35
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Fig.23 Diagramatic representation of SAF clusters derived from 
second run, (from fig.22)
Key as for fig. 18 except that multiple lines between 
fragments are used to indicate multiple SAF membership
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Fig,24 SAF cluster from second run (from fig, 22)
Cluster  2
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Fig.25 SAF clusters from second run (from fig.22)
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From the dendrogram (fig. 22) fourteen multicomponent clusters 
can be intuitively derived : discrimination level at about 1.5; 
see broken line in fig; with four additional non-related SAFs.
As in the first run the chemical nature of these clusters can be 
illustrated in diagramatic form: figs 23 — 25. In these cluster 
diagrams the number of linkages between each chemical fragment 
is represented by a separate line for each SAF association. Thus 
in cluster 1 where the bromine and fluorine fragments are 
associated in four SAFs : 1, 3, 13 and 15; this is shown by four 
separate lines. In this way the main axis of the association 
in a cluster can be readily identified by looking for the greatest 
number of lines. The actual number of the SAF also gives a 
measure of the significance of the relationship in endowing 
activity, since the lower the number, the higher is the actual 
value of the SAF, and hence the greater the degree of correlation 
with activity.
As in the first run,the active constituents of the benzimidazoles 
can be identified in several clusters, e.g., 1, 3, and 4 
(fig: 23). ' ?/;},whilst the organophosphates have generated
clusters 5, 6 , 7, 8 and 9 (fig.25). Cluster 2 (fig. 24) represents 
the relationships between active halogens in both benzimidazoles 
and organophosphates.
By way of illustrating the value of this cluster approach 
those clusters containing the organophosphorus moiety (frag.34) 
illustrated in fig 25 will be considered in depth. Admittedly 
it is difficult to do this objectively, in view of the consid­
erable knowledge that exists of these compounds.
Firstly*inspection of clusters 5, 6 , 7, 8 and 9 suggest that 
the activity of the organophosphorus fragment is significantly 
linked with a sulphur atom (cluster 5, SAFs 38 and 70); a methyl 
or methylene group (cluster 6 , SAFs 2, 6 and 21): an oxygen atom 
(cluster 7, SAFs 20, 34, 58, 62 and 72); a phenyl group (cluster 
8 , SAFs 23, 54 and 71); and an ethyl group (cluster 9, SAFs 24, 
25, 35 and 60). None of the. clusters contains all the fragments; 
that is the analysis does not suggest that they all need to be 
present in a single compound at one time. However it is worth 
commenting that two commercial materials do possess all six 
fragments; e.g.
1. Fensulfothion
diethyl 4-(methylsulphinyl) phenyl phosphorothionate
SOCH
2 . Phenthoate
S-a-ethoxycarbonylbenzyl dimethyl phosphorothiolothi.onate
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and the earliest most widely used organophosphate, Parathion (diethyl
4-nitrophenyl phosphorothionate), is also used in the methyl form thus 
encompassing all six fragments.
None of these compounds was included as a marker in the analysis.
Looking at the individual clusters, cluster 5 containing methyl 
(fragment 1), propyl (fragment), chlorine (fragment 12) sulphur 
(fragment 26,) and the organophosphorus (fragment 34) groups is not 
represented by any single compound in the 400 compound analysed. 
However the commercial compound butonate ;
(l-butyryloxy-2 ,2 ,2-trichloroethyl dimethyl phosphate) possesses all 
but the sulphur group.
Cluster 6 may be regarded as a fairly basic definition of activity 
since it contains all low number SAF's; e.g. methyl (fragment 1), 
chloro (fragment 12), oxygen (fragment 29) and organophosphorus 
(fragment 34) groups; is represented by several compounds in the 
original data set: 10502, 10505, 10511 and 10775. Commercial
compounds possessing these features are:
Parathion Parathion-methyl
^CH3°^2POCHCC13
ococh2ch2ch3
butonate
bromophos,(4-bromo-2, 5-dichlorophenyl dimethyl phosphorothionate); 
butonate; crufomate,(4-t-butyl-2-chlorophenyl methyl N-methyl 
phosphoroamidate); dicapthon,((2-chloro-4-nitrophenyl) dimethyl 
phosphorothionate); dichlorvos,(2 ,2-dichlorvinyl dimethyl phosphate); 
dimethyl 3,5,6-trichloropyridyl phosphorothionate; fenchlorphos, 
(dimethyl 2,4,5-trichlorophenyl phosphorothionate); iodofenphos,
(2,5-dichloro-4-iodophenyl dimethyl phosphorothionate); leptophos, 
(4-bromo-2,5-dichlorphenyl methyl phenyl phosphonothionate); naled,
(1 ,2-dibromo-2 ,2-dichloroethyl dimethyl phosphate); phosphamidon, 
(2-chloro-2-diethylcarbamoyl-l-methylvinyl dimethyl phosphate); 
tetrachlorvinphos,(cis 2-chloro-l-(2,4,5-trichlorophenyl) vinyl 
dimethyl phosphate); and trichlorphon (dimethyl 
2 ,2 ,2-trichloro-l-hydroxyethyl-phosphonate).
Cluster 7 again is not represented in the input batch but all six 
fragments i.e. ethyl, chloro, bromo, oxygen, sulphur and 
organophosphorus groups are found in the commercial compound 
bromophos-ethyl,(4-bromo-2,5-dichloro-phenyl diethyl phosphorothionate).
The highly complex cluster 8 which contains nine chemical fragments 
e.g. methyl, fluoro, bromo, chloro, phenyl, butyl, trisubstituted 
carbon, substituted amine and organophosphorus groups actually results 
from an association of components from the organophosphate and active
components. However in practice crufomate possesses all except the 
fluorine substitution.
(C2H50)2PS0
Cl
b r omop ho s-e t hy1
benzimidazoles and no compounds in the input batch contain all nine
0
crufomate
From these examples it can be seen that if the 400 compounds used to 
produce the active SAF values had been entirely novel then the clusters 
so produced might have been used to direct synthesis towards what 
might have been a successful programme.
In addition to selecting active fragment combinations,it is also 
possible to detect inactive fragment combinations by examining the low 
end of the SAF values. Unfortunately none of those with a value of 
<0.33 contains^the organophosphorus fragment. Several SAF's with a value 
of 0.33 do possess the fragment (i.e. the combination appears only once 
and is associated with inactivity) but these do not provide a reliable 
guide for prediction in view of their very low frequency.
Besides analysinglfihe components of the larger clusters which,by the 
nature of the computation, must represent the most significant trends 
in the group, it is also of interest to examine the single SAF's which 
do not relate to the others. These represent the more individual and 
less obviouscorrelationswhich may well be the most rewarding to follow 
up. In the second batch of 400 compounds four such individual SAF's 
can be detected in the dendrogram (fig 22). These are:
SAF NO. frag no. chem. constituent
27 12, 17 and 19 Cl, N02 and NH
37 1, 14 and 21 CH3 , CN and -N=
40 2, 12 and 30 9H5 , Cl and OH
47 4, 19 and 28 C4H9 , NH and S02
If we examine the compounds which generated the SAF's to see which 
contain the active fragments, the following observation can be made:-
a) SAF 27
These are three active benzimidazoles which contain fragments 12, 
17 and 19 (the appropriate WLN fragments are underlined).
No. WLN
10577 : T56 BM DNJ CXFFF FSWN3&3GG PG IG
10578 : T56 BM DNJ CXFFF FSWN4&4 GG HG IG
10579 : T56 BM DNJ CXFFF FSWNY&&Y GG HG IG
Examination of these WLN's immediately indicates that the active 
combination detected is an artifact of the WLN fragment program. 
The nitro-group allegedly present is identified by the symbols WN. 
In fact the W is linked to the S group, which is an SO^; the • 
SWN3&3 being an “SO^NCC^H^)^*not a nitro-derivative.
In the ICL FIND program instructions the logic limitations do not 
allow this particular anomaly to be detected,i.e. there is no'NOT' 
feature which would enable a distinction to be made and 'SWN' 
eliminated from the'WN1 or1 NW1categories. This could be removed in a 
more sophisticated WLN fragmentation program.
b) SAF 37
Two active compounds are responsible for the identification of 
fragments 1, 14 and 21 as an active combination. They are:
No.
10647
11040
The first of these two compounds is a carbamate from an active 
series of insecticides. The second is a member of a hydrazone 
series without any previous obvious insecticidal associations.
To determine whether this lead is significant or merely the 
result of a chance association through the small data base would 
require the analysis of the whole file looking at the activity of 
compounds with the general structure:
X
R - C — CN 
li
N Y
Alternatively it would be of interest to see whether this 
combination appears when a larger data base is used.
c) SAF 40
The two active compounds responsible for this SAF (fragments 2, 12 
and 30) are two benzaldoxime derivatives js
No
10078 
/0080
WLN Structure
QR BG DG F1UN202 CH=NCH2CH2OC2H5OOHci i: ^ c i
Q2NU1R BQ CG EG CH=NCH2CH2OH
O'
jOH
Cl I* J c i
WLN structure
20VYCN&UNQVM1 ' C H-OCOCCN
2 ~ noconhch3
NC1UNMR NCCH = N N H ^ ~ ^
These compounds are clearly related and to determine the 
significance of this lead, i.e, whether it is chance association 
resulting from the small number employed ,the activity of 
compounds of general stucture: CH=NR
should be examined. Alternatively,as above,it would be of 
interest to see whether this combination occurs when a larger 
data base is used.
SAF 47
The two compounds which are responsible for this active SAF 
(fragments 4,19 and 28) are benzimidazoles
No. WLN
10578 : T56 BM DNJ CXFFF FSWN4&4 GG HG IG
10584 : 156 BM DNJ CXFFF FSWM4 GG HG IG
Both of these compounds are members of the 2-CF^ benzimidazole 
series which,of themselves,are highly active. It seems likely . 
therefore that the selectionof this particular combination,as an 
active one,is due to the linkage of it with the active 
benzimidazole series, in that the only two occasions on which it 
is present coincides with the benzimidazole nucleus. This type 
of anomaly should be eliminated by using a larger number of 
compounds to produce the SAF's. If the combination were to 
reappear in a larger data base then it would have to be regarded 
as significant.
Thus ,in the four examples ,we have one where the association was 
due to a programming artifact (27) , one probably the result of 
using a limited data base (47), and two low-level hints which are 
worth a further examination of the data base (37 and 40). This 
could be done most easily by searching the whole file using the 
WLN parameters identified in the SAF program and examining the 
printed structure-activity tables.
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4.4. 3. 6 . application of MSAF values; insecticidal activity prediction 
i) introduction
Refering back to table 40 the relationship between MSAF value 
and the property 'active* may also be considered from the 
predictive aspect. For example, of the 39 compounds with MSAF 
values greater than 0.4, 35 (89.7%) are in the * active' set, 
whilst of the 219 with values less than 0.2 only 11 (5.0%) 
are 'active1. The MSAF value is clearly acting here as a 
powerful discriminant between active and inactive compounds.
Cramer e_t alt (1974) and Berkoff eX al (1976) both reported the 
use of MSAF values predictively: the values for an unknown set 
being calculated from SAF values derived from an initial set 
of known activity; the training set. They regarded the 
significance of their predictions however as being of marginal 
practical importance. The best performance was obtained by 
Cramer et al.when they were able to select 48% (36) of the 
active antiarthritic-immunoregulatory compounds in a series of 
489 by setting a MSAF value of 0.25 as the threshold for 
activity. The efficiency was rather low however since the 
probability of activity at this level was 2 1.8%: i.e., at this 
level 129 inactive compounds were also selected. They attributed 
the poor performance of the predict ions to the coarse discrim­
inatory power of the chemical substructural analysis.
Clearly the choice of the arbitary MSAF value (K) for which 
compounds possessing a greater value are predicted as active
197
and those with a lesser value are predicted as inactive is 
critical. In choosing the level for this value,two types of 
error can arise;
a) a compound may be classified as inactive when it is 
in fact active: called here the type A error
b) an inactive compound may be classified as active: 
called here the type B error.
Examples of the probabilities of these errors for the results 
in table 40 are illustrated in table 47. In practice, if 
the predictions are to be used as a means of determining 
testing priorities for a series of speculative compounds, 
the probability of classifying an active compound as 
inactive (type A error) should be kept as low as possible.
The inclusion of inactive compounds in the active category 
( type B error) is less serious, since subsequent testing 
will reveal the error, although it is of course a measure of 
the efficiency of the prediction. In the example a K value 
of 0.3 would have given a type A error of 13.7% and a type
B error of 23.1%. A reduction of K to 0.2 would have reduced
the type A error by only 8% to 5% but significantly increased 
the type B error by 25% to 48.6%. Raising K to 0.4 would
have given a type A error of 19.1%, which would be generally
unacceptable, although the type B error would have been 
reduced to 10.3%.
ii) experimental
To test the predictive properties of the MSAF values obtained 
from the chemical fragments,generated from the WLN a program
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Table 47 Cumulative frequencies for MSAF values and 
error probabilities : from 400 compounds 
(table 40)
MSAF Range
N o . of 
Active
Compounds
Inactive
Probability of: 
Activity Inactivity
a) 0.0-0.1 0 21 0 . 0  a) 1.0
0.0-0.2 11 208 0.05 0.95
0.0-0.3 44 278 0.137 0.863
0.0-0.4 64 292 0.191 0.809
0.0-0.5 96 296 0.245' 0.755CDOIoo 99 296 0.251 0.749
0.0-0.7 99 296 0.251 0.749
O CD I O CD 104 296 0.26 0.74
b) 0.0-1.0 104 296 0.26 0.74b)
0.1 -1. 0 104 275 0.274 0.726
0,2-1. 0 93 88 0.514 0.. 486'
0.3-1.0 60 18 0.769 0*. 231
0.4-1.0 35 4 0.897 0.103
0.5-1.0 8 0 1.0 0.0'
0,6-1.0 8 0 1.0 0.0
0.7-1.0 5 0 1.0 0.0
0.8-1 .0 0 0 0.0 0.0
Note: a) type A error probability
b) type B error probability
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was written (by R. Price of Fisons MTS unit) to calculate 
MSAF values from previously obtained SAF values. The program 
was initially prepared for an ICL 1904 series computer but 
as the MSAF and SAF value -generation time for large sets 
(>500) of compounds proved, to be too slow on this machine 
it was converted to run on the Cambridge University Computing 
Centre IBM 370/165.
In the first trial,a training set of 500 compounds ( 64 
active and 436 inactive: 12.8% activity) was analysed to 
produce fragment SAF values for insecticidal activity. These 
compounds had been tested during the period December 1975 
and May 1976. The definition of insecticidal activity was 
similar to that described earlier in section 4.3.4.3, i.e., 
compounds of category 0 are classified as inactive and 
compounds of categories 1, 2, and 3 are classified as active. 
The parameters of the categorisation analysis were those 
of the first run (sec. 4.3.2.2.). The 500 compounds produced 
2547 non-zero SAF values of first, second and third order 
interactions. The computer CPU time was 198 secs at an 
overall cost of £36 at £1 per 5.5 secs. These SAF values 
were then used to calculate the MSAF values for 311 compounds, 
actually tested immediately after the training set. The CPU 
time for this run was 38.7 secs (cost c. £7 ).
This was followed by a second run using a training set of 
950 compounds: 212 active and 738 inactive. These compounds 
were chosen at random from those tested between May 1969 and 
December 1975. The CPU time for the MSAF and SAF generation
200
was 301 secs (cost £55) and 3011 non-zero SAFs were produced. 
From these activity predictions for a further 811 compounds 
were made. The CPU time for the latter run was 87.3 secs (cost 
£16).
iii) results
The full print-out of the SAF and MSAF values for the two 
training and prediction runs are given in Appendix V in 
microfiche format. The distribution of MSAF values and error 
probabilities for the first run is summarised in table 48 and
for the second in table 50. The distribution and frequency of
the MSAF values from the first prediction set is given in
table 49 and for the second in table 51.
iv) discussion
From the distribution of MSAF values and error probabilities 
in the first training set (table 48) a K value of 0.25 would 
appear to be the most appropriate if the purpose of the 
prediction run was to detect the maximum proportion of active 
compounds with the minimum of inactive. At this level 35 of 
the 64 active materials (54.7%) would be selected with the 
inclusion of only 9 inactive compounds: activity probability 
= 79.5%. If a higher proportion needed to be selected a K 
value of between 0.15 and 0.20 would select between 97 and 
69% of the active compounds: the higher proportion would have 
included 177 inactive compounds however (activity probability
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= 25.9%. When the SAF values generated by this training set 
were used predictively on a further 311 compounds,a similar 
degree of discrimination was obtained (table 49). If a K 
value of 0.25 is used, 25 out of the 56 (44.6%) active 
compounds would have been selected,and the number of inactives 
would only have been 7: i.e., an activity probability of 
78.1%- This compares with an activity probability of 21.8% 
in the Cramer analysis. If the K value is reduced to 0.15 
then 47 of the active 56 compounds would have been discovered 
(83.9%) for the examination of 174 compounds or 55.9% of 
the set.
In the second training set, which consisted of a random 
group of 950 compounds tested over six years the discriminatory 
powers of the MSAF values were not so great as the first run 
(table 50), although it was still highly significant: p = <,0 .0 0 1 . 
The slight reduction may have resulted from the broader 
chemical, and therefore fragment base, as reflected in the 
larger number of SAF values. The proportion of actiive compounds 
in the set was almost twice as large as the first run: 22.3% 
as compared with 12.8%. The larger value is more in line 
however,with the average for the whole file,as indicated in 
table 6 . The lower success rate of the first set is more 
line with the post~20,000 series from which it was drawn.
A K value of ^ 0.25 in the second training set would have selected
145 out of the 212 active compounds (68%) with a probability 
of activity of 46.8%. This is less efficient than the first 
run, but includes a greater proportion of the active compounds. 
Reducing K to ^ 0.2 would have selected 92% of the actives for 
the examination of 61.9% of the whole set: activity probability 
= 33.2%.
Usin g the SAFs generated by the second training set to pre­
dict the activity of 811 compounds,a K value (table 51) 
of ^ 0.25 would have selected 39% of the active compounds with 
an activity probability of 31.6%. Reducing K to^0.20 would 
have raised the catch of actives to 88%,for a reduction in 
efficiency to 21.9%: i.e., 108 of the active compounds out of 
123 would have been detected for testing of 493 compounds out 
of 811. This is still significantly better than the Cramer 
analysis.
In this second prediction set,311 of the 811 compounds were 
the set used for the first prediction run. Their MSAF distrib­
ution, frequency and activity probability,separated out from 
the total set,is summarised in table 52 for direct comparison 
with their performance in the first run (table 49). From this 
it can be seen that the SAF values generated from an entirely 
different training set, produced a generally similar MSAF 
distribution; although the mean values of both the active and 
inactive group was increased: from 0.23 to o*26 for the actives 
and 0.15 to 0.20 for the inactives. The proportionally greater 
increase in the inactive group,reduced slightly the discrimin­
atory efficiency of the MSAF values;for a given K leveljbetween
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conclusions
From the results of the two analyses carried out ,it is clear 
that the MSAF values do not provide an absolute separation 
between active and inactive compounds: indeed it was not 
expected that they would. However they do appear to be suffic­
iently correlated with activity,to provide a significant 
measure of probability. This feature is the main attraction 
of the MSAF approach to activity prediction.
Not infrequently, when carrying out a biological test programme 
with a series of speculative compounds, it is necessary to 
allocate some degree of priority to ensure that the most likely 
active compounds are examined first. At current costs of 
testing: c £40 per compound for insecticidal activity: it is 
also desirable to identify those compounds with a low chance 
of activity s^o that they may be eliminated from the programme, 
or subjected to the minimal testing.
The degree of probability, as measured by the K value, is a 
variable statistic and would appear to depend on the constit­
ution of the training set; their chemistry and activity; and 
its relationship to the prediction set. There is some evidence 
here from a comparison between the efficiency of the first and 
second runsjthat although the numbers in the first training set 
were smaller they gave a better prediction of performance, 
because the training and prediction sets were contiguous in 
time; i.e., there was a greater similarity in chemical features 
than in the second run. Against this it would be expected that
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the larger the training set employed,the more stable the SAF 
values would become. This would allow a greater reliance to be 
put on the MSAF value as an indicator of activity and,in turn,the 
K value as a means of selection. At the present stage of devel­
opment training sets of more than 1000 have not been prepared, 
because of the computational cost which increases in a ratio 
to the square of the numbers.
Although it has been shown that the MSAF value per se is not 
an absolute measure of a compound’s activity,it is a valuable 
guide to the probability of activity, and therefore of the 
priority for testing. In both prediction runs, if the MSAF values 
had been taken as the order of priority for testing, then by 
taking the mean MSAF value of the set as K : 0.16 for the first 
run and 0.21 for the second: about 80% of the active compounds 
in both sets would have been detected, for testing only 50% 
of the compounds. A proportion of the remainder would have been 
further selected by using leads from the active structures, found 
without further reference to the MSAF values. At a cost of 
a'bout £40 per test, the use of computer generated MSAF values as 
a selector shows a considerable cost saving.
One powerful argument against a complete reliance on MSAF values 
generated from past compoundsfas guide to testing,is that the 
totally novel toxicant, for which no activity precedent exists, 
will not be selected. Intuitively this would seem likely 
although experience is the only test.
Certainly one would expect that the larger the training set used, 
the better would be the ability to predict activity in novel 
structural combinations. It is evident however,that the train­
ing sets used so far are not large enough,since the set of 500 
only produced 2547 non-zero SAFs,and the set of 950 only 3011.
These are . - 'Jo and - Jo respectively of the theoretical maximum 
of ' . If we assume that at best,there is a simple arithmetic 
ratio between the size of the training set, selected on a random 
basis, and the proportion of the total possible SAFs produced, 
then a training set of 3000 compounds would be needed to provide 
more than 90% of the values. Or,as is more likely,the relationship 
is logarithmic,the number required would be about 20,000. This 
is at present far too large for our present computational facilities 
to handle. The alternative is to select carefully, rather than 
at random, training sets to cover the maximum number of fragment 
combinations with the minimum number of compounds. This aspect 
will need to be part of further investigations.
Meanwhile,as a simple check on the value and applicability of the 
SAFs for the detection of totally novel insecticides,three 
structures were chosen,which represented materials of some 
commercial interest. They were not represented by any examples 
in the training set but bad shown category three.grade activity 
in the insecticide tests. The compounds were:-
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a) a new urea/dimethyl carbamyl triazole with anti­
cholinesterase activity from the Gulf Oil Corp. 
(Belg. Pat. 851 959 of 1.3.76)
Structure ^ ^ '[[ 'j* ' ' L. ' '3)2
CH
n - n c o n [c h ^
3C>VN/s C H 2CH=C H2
WLN: T5NN DNJ AVN1&1 CX1&1&1 ES2U1
Fragments(from table 30): 1, 2, 6 , 7, 20, 24, 26, 32 and 33,
b) a novel 2-nitromethylene tetrahydro-thiazine from the 
Shell Oil Corp. (US Pat. 3993 648 of 8.5.74)
Structure
WLN: T 6MYSTJ BU1NW
JZ H N O 
N  *
Fragments: 1, 5, 7, 17, 19, and 26.
c)the new synthetic pyrethrin permethrin. 
Structure:
C L  G=-Cr
COOCH
3  C H 3
WLN: L3TJ A1 A1 BV01R C0R&& C1UYGG
Fragments: 1, 5, 7, 9, 12, 29, and 31.
Using the SAFs generated from the second set of 950 compounds,
MSAF values were calculated for the compounds: see Appendix V for 
full details. For the first compound, the urea, 122 of the 
possible 129 SAF combinations of 9 fragments were found in the 
training set, i.e., 94.5%. These gave an MSAF value of 0.24. This
is above the mean MSAF value of 0.23 of the training set (table 50), 
and the 0.21 mean of the second prediction set (table 51). It 
would certainly have been selected for testing,on the criterion 
of giving priority to compounds with MSAF values greater than, 
or equal to,the mean.
In the nitromethylene,32 of the possible 41 SAFs were present (78%) 
in the training set and the MSAF obtained was 0.17. This is in the 
second quartile, below the mean, and consequently would not have . 
been selected in the first priority from a random file.
The pyrethrin produced 7 fragments,and 48 of its possible 63 SAFs 
(76%) were present in the training set. The MSAF obtained was 0.20. 
This is again just below the mean of the second prediction set, 
although it comes within the top 60%.
These results with novel insecticidal structures are not discouraging 
Where a good proportion of the possible SAF combinations were present 
a satisfactory prediction was given. The poor performance with the 
nitromethylene, and to a lesser extent with the pyrethrin, may 
well be due to the lower percentage of available SAF values,as much 
as any other factor. The production of a larger, or more broadly 
representative, SAF file from an appropriate training set is clearly 
required to check this.
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4.4.3.7. application of MSAF values: herbicidal activity prediction
i) introduction
The approach to the use of MSAF values for the prediction of 
herbicidal activity was similar to that used for the insect­
icide investigation. A random selection of 1053 compounds, 
tested for herbicidal activity during the period June 1969 to 
December 1975, was used as the training set. No attempt was 
made during the selection to ensure that a representative 
range of structures was chosen.
The herbicidal property chosen for the investigation was the 
pre-emergent response, and the definition of activity in the 
first run was again similar to the insecticide test, i.e., 
category 0 = inactive and categories 1, 2 and 3 = active. In
a second run the definition was altered to include only catego­
ries 2 and 3 in the 'active' definition.
ii) experimental
The training set of 1053 compounds was extracted from the 
master chemical/biological file, classified according to the 
WLN fragment program, and the activity-fragment profiles run 
on the Cambridge University IBM 370/165. The CPU time for 
SAF and MSAF generation in the training set was 329 secs: Cost 
£58. The run produced 3087 non-zero SAFs. These SAFs were 
then used to predict the activity of 1190 new compounds: actually 
tested during the period December 1975 to August 1976.
The CPU time for the prediction run was 129 secs :cost £20.
The second training set,using the same compounds as the first, 
but with a revised activity definition,took a CPU time of 333 
secs and the prediction set run took 135 secs: costs,£59 and 
£2 2.
iii) results
A summary of the results from the first training and first 
prediction sets are presented in tables 53 and 54. The results 
from the runs using the revised activity definitions are 
summarised in tables 53a and 54a.
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discussion
In the first training run (table 53), the discriminative 
power of the MSAF values for herbicidal activity appear to 
be less significant than that experienced in the insecticide 
investigation (table 48): this is in spite of the apparent 
significant difference of a similar order between MSAF 
values of active and inactive compounds. In practical terms, 
if the mean MSAF value for the whole set (0.325) is taken as 
the K value; a value suggested by the insecticide results; then 
313 of the active compounds (69%) would have been selected in 
a batch of 592 compounds (56% of the set); i.e., an activity 
probability of 0.52, as compared with a probability of 0.43 
for the whole set. This is an improvement over a random selec­
tion,but is less efficient than the insecticide result,where 
80% of the actives were included within the top 50% of the MSAF 
values.
In the first predictive run with 1190 compounds (table 54) the
practical discriminant effect was even less. Taking the mean
MSAF here (0.35) as the K value ,only 62% of the active compounds
would have been detected for the examination of 694 compounds
The
(58% of the whole set) 0/activity probability is 0.491. This 
is only marginally better than a random selection }and would not 
b e •acceptable as the basis for determining the priority for 
testing.
In looking for reasons for this disappointing performance,three
components of the MSAF approach have to be considered, the 
statistical, the chemical and the biological. In considering 
the first component, bearing in mind the level of discrimination 
required, the need for simplicity, and the results produced for 
the insecticide data in comparison with the earlier work of 
Cramer e_t aX, the statistical procedure is generally satis­
factory ,and appears to need little modification. It may be 
argued that the weighting factor for the low frequency of 
inactive fragments is rather high. It gives a value-of.0.33 to 
the inactive fragment that only appears once; a value which 
would appear in practice to be near the set mean. However since 
the value of the SAF/MSAF analysis, in the predictive sense, 
is to determine priorities for testing, rather than predicting 
absolute activity, the revision of the weighting would have 
little effect beyond altering the values of the lower SAFs , 
and their frequency. It is of interest to note in this context , 
that the SAF distribution and frequency ,in the highly discrim­
inative insecticide training set ,is very similar to that of 
the non-discriminative herbicide second set (table 54b) , when 
the overall proportion of active compounds in the set is 
about the same. Where the proportion was higher however, 
as in the first herbicide training run,there was a distinct 
bias toward the higher SAF values.
On the chemical side, earlier experience gained with the 
insecticide test has shown that anomalies exist in the 
fragment classification (see 4.4.3.4. ,ii.) , particularly with 
respect to the oxygen and nitrogen functions. The logic of the
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Table 54b SAF Distribution in Insecticide and Herbicide 
Training Sets
SAF value 
range
Insecticidal act. 
950 cpds.
Herbi.cidal act. 
1053 cpds.
Run 1 Run 2
0.95 0 (0 ) 0 (.0 ) 0 (0)
0.90-0.94 0 (0 ) 1 (0 ) 0 Co)
0.85-0.89 21 (0.7) 7 (0 .2) 1 (0)
0.80-0.84 16 (0.5) 58 (1.9) 19 (0.6)
0.75-0.79 98 (3.3) 95 (3.1) 24 (0.8)
0.70t0.74 8 (0.3) 39 (1.3) 2 (0.1)
0.65-0.69 170 (5.6) 339 (1 1.0) 172 (5.6)
0.60-0.64 59 (2 .0 ) 189 (6 .1) 38 (1.2)
0.55-0.59 27 (0.9) 86 (2 .8) 22 (0.7)
0.50-0.54 144 (4.8) 390 (1 2 .6) 201 (6.5)
0.45-0.49 16 (0.5) 95 (3.1) 32 (1.0)
0.40-0.44 122 (4.1) 357 (1 1 .6) 213 (6.9)
0.35-0.39 66 (2 .2) 209 (6 .8) 87 (2.8)
0.30-0.34 759 (25.2) 693 (22.4) 790 (2.5.6)
0.25-0.29 422 (14.0) 304 (9.8) 516 (16.7)
0.20-0.24 304 (1 0 .1) 106 (3.4) 346 (11.2)
0.15-0.19 275 (9.1) 44 (1.4) 268 (8.7)
0.10-0.14 340 (11.3) 41 (1.3) 245 (7.9)
0.05-0.09 135 (4.5) 11 (0.4) 74 (2.4)
0.01-0.04 29 (1 .0 ) 23 (0.7) 37 (1.2)
Total 3011 3087 3087
% actives 2 2.3 43.2 25.4
in set
Note a. values in parenthesis are % of total set
b. revised activity definition
ICL data processing package used does not give a clear separ­
ation between functional groups in certain WLN configurations. 
Although the rules of the fragmentation program were designed 
to select only functional groups in chains or ring substituents, 
in a number of cases»it has not been possible to eliminate 
ring functions through logic constraints; i.e., no NOT functions 
These deficiencies tend to reduce the sharpness of chemical 
fragment definition,and hence the appropriate SAF values.
This drawback was recognised at the outset. However, 
without some promising results,it was not felt that the 
allocation of programming resources could be justified.
The insecticide results are a strong justification.
In an improved program,ring features could be totally elim­
inated,by ignoring all symbols between the 'T* and 'J* notation. 
From this a fragment program based entirely on chain and 
substituent symbols could be devised. It would also be worth 
considering a separate fragmentation program for ring features 
provided a scheme can be developed within the 36-40 character 
limitation of the .SAF/MSAF generation program.
Another aspect of the fragmentation program is the relationship 
between the number of fragments generated per compound and the 
MSAF value. It has been stated earlier that it is, in theory, 
an unbiased statistic,and does not favour compounds with a
Table 54c An Analysis of MSAF Distribution Against Fragment
Number of the First Herbicide Run Prediction Set
MSAF
Range
No.
1
of Fragments 
2 3 4 5 6 7 8 9 10 11 12
Totals
0.00-0.04 0 0 0 0 0 0 0 0 0 0 0 0 0
0.05-0.09 0 0 0 0 0 0 0 0 0 0 0 0 0
0.10-0.14 1 0 0 0 0 0 0 0 0 0 0 0 1
0.15-0.19 0 5 2 2 0 0 0 0 0 0 0 0 9
0.20-0.24 0 0 15 3 4 0 0 0 0 0 0 0 22
0.25-0.29 0 0 22 31 32 27 2 1 0 0 0 0 115
0.30-0.34 0 0 3 37 81 68 61 43 38 14 3 1 349
0.35-0.39 0 0 0 11 37 ' 73 100 125 77 62 17 3 505
0.40-0.44 0 0 0 0 8 22 36 45 31 13 7 0 162
0.45-0.49 0 0 0 0 0 3 3 9 6 3 0 1 25
0.50-0.54 0 0 0 0 1 0 0 1 0 0 0 0 2
0.55 0 0 0 0 0 0 0 0 0 0 0 0 0
Totals 1 5 42 84 163 193 202 219 152 92 27 5 1190
Mean MSAF 0.12 0 .25 0.32 0.36 . 0.37 0.37 0.35
0 .17 0.30 0.34 0.38 0 .37 0.38
Active 0 2 16 42 77 88 102 110 70 39 6 3 553
compounds
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large number of fragments. In practice this does not appear 
to be entirely true. When the chemical fragments of the 
first herbicide prediction set were analysed for the relation­
ship between fragment number and MSAF value (table 54c) ,there 
appeared be a significant correlation. The table shows 
that below seven fragments,the MSAF value falls off with 
reducing fragment numbers. The number of active compounds 
in each fragment group however,shows no significant variation 
.in proportions , with fragment number. From this it
can be deduced that the removal of- compounds with less than 
six fragments from the prediction run will not improve the 
discriminative power of the MSAF analysis. This is confirmed 
in table 54d where compounds with less than 6 , 5 and 4 fragments 
were removed from the second prediction set (table 54a) and 
the predictions recalculated. There was no significant 
improvement in the discriminatory properties of the MSAF values 
in any set.
If we turn to the biological component one major difference 
between the two insecticide and herbicide training sets is 
the proportion of active compounds recognised. In the insect­
icide sets these are 12.8% (500 compounds) and 22.3% (950 
compounds) respectively,as compared with 43.2% in the herbicide 
set. The criteria for being an 'active' herbicide are lower 
than those for being an 'active' insecticide. In order to 
investigate the influence of the categorisation analysis 
criteria on MSAF discriminations second herbicide training
and prediction run was carried out>using a more stringent 
definition of activity, i.e., compounds were only regarded 
as active if in categories 2 or 3. This gave an active 
proportion of 25.4%.
The results from the revised training run (table 53a) were 
better than the first run. If the set mean MSAF value of 
0.186 is taken as the K value, then 187 of the actives (69.8%) 
would have been selected within a group of 520 compounds 
(49.4% of the set). This is slightly better than the first rur^ 
where the same proportion of actives would have been selected 
for the examination of 592. The second prediction run (table 54a) 
also showed a marginal improvement over the first. This was 
still not good enough to be of practical value however. On 
this basis the tightening of the criteria of the categorisation 
analysis would not appear to be a solution to the problem.
The remaining feature is the validity of the categorisation 
analysis of herbicidal activity as a basis for the generation 
of SAF/MSAF values. One major difference between the insecti­
cide and herbicide tests is the nature of the biological 
response recorded. In the insecticide trials the death of 
the insect is measurement,and the record is the quantity of 
compound required to give a certain mortality. The CA value 
is based on this. In the herbicide tests a very much broader 
range of symptoms is used to generate the CA value, ranging
from growth inhibition and nothing else, through hormone 
distortion to death by respiratory or photosynthetic inhibition. 
It is perhaps not surprising therefore that the SAFs generated 
from such a broad base, encompassing many different responses, 
are far from precise in their predictive powers. What is 
required is a much tighter definition of the herbicide response 
and the recalculation of new SAFs. This will be the subject 
of subsequent studies.
5. LEAD OPTIMISATION : AN EMPIRICAL APPROACH
5.1 Introduction
It was described earlier that quantitative structure - activity 
relationship studies (QSAR's) may be conducted in three different 
ways: *
i) the theoretical quantum mechanical approach, e.g. molecular 
orbital studies.
ii) the semi-empirical approach involving a comparison between 
physicochemical properties and activity, e%.; linear free energy 
relationship studies (LFER's)
iii) the empirical approach involving a study of the correlation between 
the chemical structural fragments and activity.
Of these, the first has not been attempted since neither the data nor 
the computational facilities were available. The second approach was 
not investigated since again physicochemical data on the majority of 
the compounds were not available^nor likely to be available in the 
futurejfor the application of any QSAR techniques developed. The third 
empirical approach however makes no such demands for resources or data, 
other than that provided by the routine biological test programme, and 
is therefore ideally suited as a technique for the rationalisation of 
structure - activity trends in a large industrial screen.
One of the most valuable contributions to the empirical approach in 
QSARs has been that of Free and Wilson (1964) in the field of drug 
design. Their approach was developed to cope with the multi­
substitution situation and their basic assumption was that, in so far 
as variations in activity from one molecule in a series to the next are 
concerned, activity of a given molecule can be expressed as the sum of 
contributions of the particular substituents of that molecule plus a 
constant. Thus for a molecule with substituents X and Y, the 
biological activity may be expressed as:
Activity = effects of substituent X + effect of substituent Y + y
where p is a constant representing the overall average for the common 
nucleus of the group. This may be more succinctly summarised by the 
expression:
n
Activity = E a£ (Xj^ ) + y (5.1)
i=l
where a. is the contribution of substituent "i" with X. taking the 
1 i
value 1 or 0 depending on the presence or absence of substituent "i".
The Free-Wilson model is based on the assumption that each substituent 
makes an additive and constant contribution to the biological response 
(hence it is usually referred to as the Free-Wilson additive model) 
regardless of substituent variation in the rest of the molecule, i.e. 
there are no interactions. Aromatic systems with tt electron 
substituents are unlikely to meet this requirement but the practical 
results in a number of systems of this type vindicate this assumption.
The mathematical process involved in the solution of the Free-Wilson 
model can best be illustrated by reference to the literature example of 
the bacteriostatic potency of ten tetracyclins (Free-Wilson, 1964). 
Table 55 shows the ten simultaneous equations generated from the data. 
Equation 1 written fully is:
(Hr) x 1 + (CH3r) x 0 + (N02x) x 1 + ( C y  x 0 + (5.2)
(Brx) x 0 + ( N O y  x 1 + ( N H y  x 0 + (OLjCONH-,) x 0
+ p x 1 = 60 (5.2)
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OH
NH
Y
OH 0 OH 0 0
Common skeleton structure
Table 55
Compound
(Equation)
a)
R X Y y BP b)
H ch3 N02 Cl Br NO 2 NH CH3CONH obs. calc.
1 1 • 1 • • 1 • +1 60 -8.1
2 1 • • 1 • 1 # • 1 21 102
3 1 • • • 1 1 « • 1 15 1.8
4 1 • 1 • 1 • 1 525 443
5 1 • • 1 1 • 1 320 343
6 1 1 • • 1 • 1 275 333
7 • 1 1 • • 1 • 1 160 145
8 • 1. 1 • • . 1 1 15 40
9 • - 1 . • 1 1 • 1 140 155
10 • 1 • • 1 • 1 1 75 50
a 6 + 4 +0 +0 +0 +0 +0 +0 0 0 0
b • • 4 2 4 • • • 0 0 0
c • • • • • 3 5 2 0 0 0
Note a) All vacant positions in the table signify the value zero.
b) BP = biological potency in comparison with tetracyl ine
(=100).
xiij-a may us siiortenea co:
(Hr ) + (N02x) + (N02y) + y = 60 (5.3)
It is generally sufficient for the coefficients in a general regression 
analysis to be self-consistent throughout the series of observations, 
and with the dependant variable (Anderson and Bancroft, 1952). In this 
application however a further requirement is made. The independent 
variables must be inter-related in clusters to provide a model for the 
individual substitution positions on the molecule. This consideration 
is achieved by adding a restricting equation (a-c in table 5 5) for each 
substituent position. The total sum of activities of the groups at a 
given position is restricted to zero. Thus equation "a" represents the 
6 observations of the H-substituent added to the 4 observations of the 
methyl group, all summed to zero. This has the effect of scattering 
the substituent co-efficient about a reference zero, similar to the 
Hammett sigma values (Cammarata and Yau, 1970).
The solution of the series of 13 simultaneous equations of table 55 
yields activity coefficients for the substituents (table 56). In 
assessing the significance of these,the possible error in the 
biological data and the influence of interaction effects,must not be 
over-looked. The technique used for solution is the minimising 
simultaneously of the square of all the coefficient deviations from the 
resulting regression equation. It is self evident that the best 
results are obtained from this method when more than one example of 
each substituent group is included. Next the values of the 
coefficients are calculated by the Gauss method for multi-dimensional 
simultaneous equations.
Activity contribution of structural changes
P
R X Y (Skeletal contribution
or overall average)
H = 75(30) Cl = 84(54) NH2 = 123(26)
CH3 = -112(44) Br = -16(31) CH3CONH = 18(64) 161 (28)
N02 = -26(31) N02 = 218(47)
Statistical testing of the regression results completes the 
calculation. The standard error of the individual coefficients is an 
important guide and in all the tables presented here has been included 
in parentheses beside the coefficient value. For example in table 56 
the error of the H coefficient is small; 75 + 30; whilst that for the 
CH^CONH- substituent is large; 18 +64. It is also necessary to 
consider the number of observations (n), the standard error of the 
estimate (s = 76.9), and the multiple correlation coefficient 
(r = 0.976) when assessing the adequacy of the regression. Finally the 
test of overall significance is required. The test most usually 
adopted is the Fisher test of variance between the observed data and 
the calculated data for the same compounds using the regression 
coefficients : the F test (Sokal and Rohlf, 1969).
The null hypothesis is that each series has the same mean and standard 
deviation. The result of this test is usually given in the form of a 
confidence level obtained from tables of F values.
From the summary of coefficient values (table 56) the calculation of 
the most active combination of the existing groups can be made: i.e.,
R = H, X = Cl and Y = NH_ which gives an activity value of 75 + 84 +
123 + 161 = 443. This corresponds to compound 4 of table 5r with an 
actual value of 525.
5.3 Other QSAR analyses
At the same time as the introduction of the Free-Wilson model Bocek et 
al (1964), and Kopecky et al (1965) introduced a similar QSAR model 
which was based on a multiplicative as well as additive features.
Their method employed four basic equations:
biological activity = ax + ay (5.4)
= bxby (5.5)
Cj£ + Cy “ dj^dy (5.6)
— ax cy ^x dy (5.7)
which a, b, c, and d represent substituent contributions while the 
subscripts x and y denote substituent positions on the parent 
molecule. They found that when testing these equations for the 
expression of the quantitative difference between the log intravenous 
LD^q values of p- and m- disubstituted benzenes and benzene, neither 
the additive model (5.4), the multiplicative model (5.5), nor the 
combined difference expression (5.6) gave a good description of the 
biological response. The combined summation expression (5.7) however 
gave a statistically significant correlation between substituent 
activity and total biological activity for both m- and p- derivatives. 
This scheme has not found a great deal of practical use however due to 
the large number of parameters involved. Later work by Singer and 
Purcell (1967) who studied the relationships between these models and 
the linear free energy based Hansch approach indicated that all these 
models are theoretically interrelated. However the Free-Wilson model 
is only appropriate in the case of additivity of group contributions, 
whilst the Bocek - Kopecky interaction model also holds in the case of
physical property; e.g. Hansch's substituent constant tt . In view of 
these relationships they proposed the use of log 1/C values (Bruice et 
alM 1956) instead of linear values as the biological response 
parameters in the Free-Wilson model.
More recently Kubinyi and Kehrhahn (1976) have reviewed a number of 
modifications of the Free-Wilson model (Cammarata and Yau, 1970; Fujita 
and Bahn, 1970; Cammarata, 1972; Cammarata and Bustard, 1974). They 
noted that the Fujita-Ban model based on the equation*
Log _1 = £ ai + V (5.8)
C i
where a  ^= the group contribution of substituent X^, based on the 
assumption that a^ = 0, and y = Log 1/C calculated for the 
unsubstituted compound; is a simple linear transformation of the 
classical Free-Wilson model. Cammarata and Yau (1970) used a similar 
modified model but ,unlike Fujita and Ban ,took the observed value for 
the unsubstituted parent, rather than a calculated value, to provide 
the y term. In practice the Fujita-Ban model has been found to give 
better results than those of the Cammarata7Yau (Kubinyi and Kehrhahn, 
1976).
The work of Kubinyi (1976) and Kubinyi and Kehrhahn (1976), in addition 
to defining the relationships between LFER approach of Hansch and the 
Free-Wilson, and its derivative models, on the same chemical and 
biological data base, developed a mixed model which incorporated 
features from both systems. Three equations were presented^firstly:
2i) Log 1 = k it + E a + y (5.9)
C 1 i i
. . .. . . . 2
This is the Fujita-Ban model with the addition of the term k ^tt to
account for the parabolic dependence of log 1/C on lipophilic character
or, as a Bo^ek-Kopecky-Like equation or, as a mixed approach with a
2
Hansch component k^tt and a Free-Wilson component I a^
Secondly, a linear combination of a Free-Wilson part E a£^to cover 
substituents^and a Hansch part (Hansch, 1971) to cover
substituent physical properties ( tt or6 or £s)«
ii) Log J: = E a + E k ( f ) * +  K' (5.10)
C i j j J
Thirdly a combination of (5.9) and (5.10) to give a mixed approach:
iii) log = k ^  2 + Ziai + Ejhj^j + k' (5.11)
C
with a Free-Wilson component ( Ea^) for substituents combined
with a Hansch component ( Ekj<j> O  for substituents Y^, and a 
2
term k^ ir to account for the parabolic dependence of log 1/C on 
lipophilic character.
All three equations are in essence simple variants of the Free-Wilson 
additive model and make the approach more generally applicable to 
situations where non-addititivity of group contributions is present.
5.4.1 introduction
In all the work reported above the biological systems under 
investigation were in vitro or jji vivo drug or ,in vitro microbiological 
tests ,where reasonably precise activity measurements were employed. To
date there have been no published accounts of the application of 
Free-Wilson and derivative models to less precise routine pesticidal 
screening test data >to see whether useful correlations and predictions 
could be produced.
Accordingly a multiple regression analysis program (AS11),written for 
the Fisons1 ICL 1904 by R. Diamond and R.P. Edwards: from the B.P. 
Research Centre program NEWMULT: to investigate the potential of the 
Free-Wilson model in the Pharmaceutical Division,was examined. This 
program was chosen because it could be run from the terminal in the 
Biological Screening Department ,and was capable of modification to 
accept data from the Central Master File of chemical and biological 
data. Its chief limitationwas however that the number of variables was 
restricted to 36; of which up to 34 may be included in any one 
regression calculation. This limitation meant that no more than 35 
independant chemical variablescouldj>e included in one analysis and all 
the investigations of the use of Free-Wilson in the work reported here 
have had to be kept within this constraint. Therewere no limits on the 
number of compounds submitted. It was felt that if the system could be 
shown to be of value there would be a justification for the expansion 
of the program at a later date to include a larger number of 
independent variables.
5.4.2 Free-Wilson and mammalian toxicity prediction
5.4.2.1 The compounds
In the first investigation of the Free-Wilson approach to QSAR studies 
in pesticides, the relationships between substituents in the benzene 
ring of a series of 2-trifluoromethyl benzimidazoles,and their 
mammalian toxicity (acute oral LD50 in mg/kg to male rats),was studied.
This particular biological response was chosen since in the 
2-trifluoromethyl benzimidazole series a broad spectrum of pesticidal 
activity had been demonstrated (Burton £t al.,1965; Saggers and Clark, 
1967)>but one of the factors limiting exploitation in practice had been 
their high mammalian toxicity. A large number of variations of benzene 
ring substitutions were made on an empirical basis during the course of 
studies with this series,in an attempt to optimise the desired 
pesticidal activity and minimise the mammalian toxicity. It 
was hoped to demonstrate that the use of the Free-Wilson approach as a 
predictive tool could have eliminated the need for part of this 
synthesis. The use of these compounds is also particularly attractive 
since a large amount of data exists to check the predictive accuracy of 
the Free-Wilson model.
Table 57 lists the structures, molecular weights and mammalian toxicity 
values for 33 of these benzimidazoles,in which the substitution is 
limited to halo (F, Cl, Br and I) and nitro substitutions, i.e:-
where R^, R^, R^ or R^ = H, 
F, Cl, Br, I or NO.
There are in all 1296 possible combinations of these substituents
in this structure. However because the proton in position 1 may be 
delocalised the substituents in positions in positions 4 and 7 are 
equivalent, as are those in 5 and 6 .
5
6
The formula for calculating to total number of variants in this case is
X  = nm + n^
yzhere X is the number of independent compounds, n is the possible 
number of substituents (= 6) and m the number of sites for substitution 
(*= 4). The actual total number of variants is therefore 6 6 6 . The 
number of 33 compounds was chosen for the preliminary investigation as 
this is the absolute minimum acceptable number if coefficients for 32 
independent features are to be solved.
The mammalian toxicity results used were the acute oral LD50 values in 
mg/kg obtained in the initial toxicity bracketing trials. To obtain 
these the sodium salts of the compounds were administered to Wistar 
strain rats (150-250 g/wt), by gastric cathet i to conscious animals, 
which had not been pre-starved. The symptoms were observed over 7 days 
after which mortality was recorded. Normally doses were applied at 
four-fold difference levels, e.g. 25, 100, 400 mg/kg, with two animals 
being employed per dosage level.
From the number of replicates used and the dose differentials, the LD50 
value cannot be assumed to be more than a rough guide and + 50% must be 
allowed for any value. In these initial trials dosages in excess of 
1600 mg/kg were not normally applied and hence there is a cut-off at 
this level.
5.4.2.2 results
The Free-Wilson data matrix for the 33 chosen benzimidazoles is given 
in table 58. In this matrix, because of the delocalisation of the 
proton, noted earlier, the 4 and 7 positions and 5 and 6 positions in 
the benzene ring was regarded as equivalent. The mammalian toxicity 
data was transformed to the log of the LD50 in mg/kg and log 1/C (where 
C *= LD50 in mM/kg) according to Fujita-Ban procedure. The activity 
coefficients from the analysis of this data are summarised in table 59 
and the actual and calculated toxicity values listed in table 60.
Table 57 Structures, molecular weights and mammalian toxicity values 
for 33 benzimidazoles used in Free-Wilson analysis
Table
No.
Compound
No.
Structure Mol. Wt. Acute oral LD50 to 
rats in mg/kg
1 3895 5-F 204 400
2 3990 4-C1 221 400
3 2785 5-C1 221 140
4 4307 4-Br 265 400
5 4173 5-Br 265 700
6 4762 5-1 312 . 1000
7 4083 4-NO2 231 200
8 2814 5-N02, 231 70
9 6099 4,6-F 222 50
10 5940 4-F, 5-C1 238 100
11 6082 4-F, 6-C1 238 130
12 6698 5-F, 6-C1 238 150
13 5342 4-Br, 6-F 283 70
14 3531 4,6-Cl 255 50
15 3048 4,7-Cl 255 40
16 4342 4,6—Br 344 50
17 4006 4,7-Br 344 150
18 4925 4,6-1 438 200
19 4317 4-N02 , 5-C1 266 140
20 3534 4-N02 , 6-C1 266 40
21 3946 4-C1, 6-N02 , 266 140
22 4064 5-C1, 6-N02 , 266 80
23 4570 4-C1, 7-N02, 266 160
24 4782 4-NO2 , 5-Br 310 140
25 5500 4-1, 6-C1 346 200
26 7069 4,5,7-F 240 40
27 8589 4-Br, 5-C1, 6-F 317 80
28 4069 4-N02 , 5,6-Cl 300 300
29 6133 4,6-F, 5,7-Br 380 50
30 3944 4,6-Cl, 5,7-NO2 > 345 1000
31 5739 4,5,7-Br, 6-C1 457 40
32 2265 4,5,6,7-Cl 324 2
33 7372 4,5,6,7-F 258 50
m i
Table 58 The full Free-Wilson dala matrix for benzimidazoles (type A)
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Table 59 Activity coefficients of benzimidazole substituents (type A) for 
mammalian toxicity.
Substituent
Mammalian toxicity coefficients (type A)*
1) from Log LD50 2) from Log 1/c
R/Rl = F -0.17 (0.17)** 0.11 (0.17)
Cl -0.28 (0.14) 0.24 (0.15)
Br 0.08 (0.14) 0.04 (0.14)
I 0.01 (0.40) 0.03 (0.42)
no2 0.44 (0.19) -0.49 (0.19)
X X 1! 0.00 (0.19) -0.04 (0.19)
Cl -0.11 (0 .11) 0.12 (0 .11)
Br -0.13 (0.24) 0.14 (0.25)
I 0.61 (0.40) -0.53 (0.41)
no2 0.28 (0.26) -0.28 (0.27)
skeleton contribution 2.10 (0.09) 3.37 (0.09)
n = 35 35
s = 0.510 0.525
r = 0.979 0.991
F 51.54 124.70
11,24
*) rounded off to two significant decimals.
**) standard error.
Table 60 Actual and calculated mammalian toxicity values of 
benzimidazoles using Type A coefficients.
Table
No.
Cpd.
No.
Log LD50 Values Log 1/c values
actual calc. diff. actual calc. diff
1 3895 2.602 2.100 0.502 2.707 2.326 -0.619
2 3990 2.602 1.812 0.790 2.742 3.610 -0.868
3 2785 2.146 1.986 0.160 3.198 3.485 -0.287
4 4307 2.602 2.175 0.427 2.821 3.406 -0.585
5 4173 2.845 1.962 0.883 2.578 3.502 -0.924
6 4762 3.000 2.708 0.292 2.494 2.835 -0.341
7 4083 2.301 2.537 -0.236 3.063 2.875 0.188
8 2814 1.845 2.372 -0.527 3.519 3.090 0.429
9 6099 1.698 1.935 -0.237 3.647 3.439 0.208
10 5940 2.000 1.821 0.179 3.377 3.597 -0.220
11 6082 2.113 1.821 0.292 3.263 3.597 -0.334
12 6698 2.176 1.990 0.186 3.200 3.445 -0.245
13 5342 1.845 2.179 -0.334 3.607 3.366 0.241
14 3531 1.698 1.702 -0.004 3.708 3.729 -0.021
15 3048 1.602 1.529 0.073 3.804 3.854 -0.050
16 4342 1.698 2.041 -0.343 3.838 3.542 0.296
17 4006 2.716 2.254 0.462 3.360 3.446 -0.086
18 4925 2.301 2.717 -0.416 3.340 2.868 0.472
19 4317 2.146 2.427 -0.281 3.279 2.994 0.285
20 3534 1.602 2.247 -0.825 3.823 2.994 0.829
21 3946 2.146 2.088 0.058 3.279 3.334 -0.055
22 4064 1.903 2.261 -0.359 3.522 3.209 0.313
23 4570 2.204 2.253 -0.049 3.220 3.119 0.101
24 4782 2.146 2.403 -0.257 3.345 3.001 0.334
25 5500 2.301 1.995 0.306 3.238 3.517 -0.279
26 7069 1.602 1.770 -0.168 3.778 3.552 0.226
27 8589 1.903 2.069 -0.166 3.598 3.485 0.113
28 4069 3.000 2.317 0.683 2.477 3.113 -0.636
29 6133 1.689 1.880 -0.186 3.881 3.616 0.265
30 3944 3.000 2 . A19 0.581 2.538 2.963 -0.425
31 5739 1.602 2.010 -0.408 4.058 3.702 0.356
32 2265 0.301 1.308 -1.007 5.210 4.092 1.118
33 7372 1.689 1.775 -0.077 3.713 3.512 0.201
5.4.2.3 discussion of results
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The results of the statistical tests of the two regression analyses for 
the log LD50 and log 1/C data sets (table 59) indicates that they have a 
high overall level of significance. The analysis of variance,or ‘F 1 test 
values (Sokal and Rohlf, 1969), for both are significant at the 0.1% 
levels. Of the two sets,the log 1/C, where a molar correction has been 
applied, has an apparently slightly greater significance (F = 124.70 as 
compared with 51.54).
Inspection of the observed and calculated values for toxicity (table 60) 
indicates that the maximum variations are to be found with the following 
compounds (log LD50 data):
Table Cpd substitution difference
No. No. (actual-calc.)
5 4173 5-Br 0.883
2 3990 4-C1 0.790
30 3944 4,6-Cl;5,7-N02 0.581
8 2814 5-N02 -0.527
20 3534 4-N02 ;6-Cl -0.825
32 2265 4,5,6,7-Cl -1.007
The first three of these are less toxic than calculated, the last three 
are more toxic. The results obtained with the log 1/C data set give a 
similar trend of deviations.
Although in its original form the Free-Wilson model assumes that no 
interaction between substituents occurs?the result obtained with compound 
2265 suggests that polychloro substitution has an interaction effect which 
significantly enhances toxicity. The value of the Free-Wilson 
coefficients for chlorine was therefore increased by this phenomenon in 
the solution of the simultaneous equations. This has in turn enhanced the 
calculated value for compound 3990, with its single chlorine atom, in 
comparison with the actual value.
Similarly there would appear to be an interaction between the chloro and 
nitro substituents which renders the di-nitro halo compounds less toxic 
than calculated and the mono-nitro halo compounds more toxic than 
calculated.
5.4.2.4 interaction features
The application of modified Free-Wilson models to non-additive conditions 
has been studied by Kubinyi and Kehrhahn (1976) and Kubinyi (1976). They 
demonstrated that interaction terms could be used in a Free-Wilson model 
to study the additivity or non-additivity of group contributions to 
improve the fitting of Hansch equations.
In this example it was decided to employ simple interaction features 
in an attempt to improve the correlation. Since the number of independent 
variables (i.e. chemical features) which could be used with the 
Free-Wilson program employed (AS11) was limited to 34, of which 10 were 
already used in describing the nature, number and location of the
substituents, the range of these interaction features had to be very
limited. The most exhaustive form of interaction definition would be a
complete description of all specific interactions: e.g. in compound 8589
Br
6569
(table 57, No. 27) the interaction features in the 2-trifluoromethyl 
benzimidazole nucleus would be a bromine atom ortho to a chlorine, a 
bromine atom meta to a fluorine, a chlorine atom ortho to a bromine and 
fluorine, and a fluorine atom ortho to a chlorine and meta to a bromine. 
Even allowing that the number of features can be reduced by half to allow 
for the redundant interactions, to include all such features for this set 
of 33 compounds would not be possible within the constraints of the 
program employed. Consequently much more restricted interaction 
definitions were used. In the first series the relative position of the 
atom under consideration with respect to the other substituents in the 
ring, which were not defined, was indicated. Thus for Compound 8589, the 
interaction features identified were one bromine atom in an ortho 
environment and one in a meta; a chlorine atom in an ortho environment, 
twice; a fluorine atom in an ortho environment and a fluorine in a meta 
environment. The 13 interaction features thus identified for the 
fluorine, chlorine, bromine, iodine (meta only) and nitro groups for the 
33 benzimidazoles are listed in table 61. These together with the 
original set of 10 positional descriptors are called here type B features.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
Compound 
No. o~ m- p-
C1 
o- m- P"
Br 
o- m- P“
3 2
6 4 2
In a second series of features; type C; the broad type of the interacting 
atoms is defined, together with their positions relative to each other and 
their number. In the benzimidazole series the interactions thus 
recognised are halogen with halogen, and halogen with nitrojand whether 
they are ortho, meta or para to each other. To allow for the wide 
variation in halogen interaction they are further classified into halogen 
1; fluorine and chlorine; and halogen 2; bromine and iodine. Thus for 
compound 8589 the following interaction features are recognised; two ortho 
halogen 1 with halogen 1 features, two ortho halogen 1 with halogen 2 and 
two meta halogen 1 with halogen 2. Using this form of interaction 
classification, 14 different interaction factors are recognised for the 33 
benzimidazoles. These are listed in table 62, which together with the 
matrix in table 58, constitute the total Free-Wilson matrix for type C 
features.
The results of the modified Free-Wilson model run with the type B features 
are given in table 63. The 'F' values indicate that all the correlations 
are significant at the 0.1% level. A comparison of the multiple 
correlation coefficients (r) for the results derived from the log LD50 and 
log 1/C data indicates that the use of the type B interaction factors has 
improved the significance of the analysis (compare table 63 with table 59).
If the actual and calculated values from type B features of the widely 
deviant compounds of the first analysis are examined it can be seen that 
the differences have been significantly reduced by the use of the 
interaction features (compare tables 64 and 60). This is illustrated in 
table (table 65).
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for mammalian toxicity.
Y = interaction features
Mammalian toxicity coefficients (type B)
Substituent
1) from log LD50 2 ) from log 1/c
R/R1 = F -0.35 (0.32) 0.28 (0.38)
Cl 0.25 (0.32) -0.29 (0.38)
Br 0.01 (0.34) 0.10 (0.39)
I 0.81 (1.11) -0.57 (1.31)
no2 -0.18 (0.27) 0.10 (0.31)
x/xi F -0.19 (0.31) 0.16 (0.36)
Cl 0.03 (0.18) -0.04 (0 .2 1 )
Br 0.28 (0.31) -0.19 (0.38)
I 0.70 (0.46) -0.61 (0.54)
no2 -0.44 (0.32) 0.38 (0.38)
Y F, o- 0.03 (0.18) -0.02 (0 .2 1 )
m- 0.25 (0.29) -0.26 (0.34)
P" -0.08 (0.42) 0.12 (0.50)
Cl, o- 0.07 (0.15) -0.06 (0.18)
m- -0.32 (0 .2 2 ) 0.30 (0.26)
P“ -0.55 (0.38) 0.56 (0.44)
Br, o- -0.14 (0.23) 0.10 (0.27)
m- - 0.23 (0.30) 0.15 (0.35)
P“ 0.38 (0.38) -0.21 (0.45)
I, m- -0.49 (0.76) 0.38 (0.90)
N02, o - 0.29 (0.27) -0.28 (0.32)
m- 0.51 (0.34) -0.47 (0.40)
P~ 0.61 (0.52) -0.56 (0.61)
Skeletal contribution 2.10 (0.09) 3.36 (0 .1 0 )
n = 
s = 
r =
f2A ,12
37
0.479
0.991
27.40
37
0.563
0.995
50.07
Table
No.
Cpd. 
No.
log LD50 Values log 1/c values
actual calc. diff. actual calc. diff
1 3895 2.602 1.916 0.686 2.707 3.517 -0.810
2 3990 2.602 2.350 0.252 2.742 3.073 -0.331
3 2785 2.146 2.136 0.010 3.198 3.315 -0.117
4 4307 2.602 2.112 0.490 2.821 3.451 -0.630
5 4173 2.845 2.385 0.460 2.578 3.167 -0.589
6 4762 3.00 2.797 0.202 2.494 2.746 -0.252
7 4083 2.301 1.925 0.376 3.063 3.461 -0.398
8 2814 1.845 1.667 0.178 3.519 3.741 -0.222
9 6099 1.698 2.057 -0.359 3.647 3.280 0.367
10 5940 2.000 1.888 0.112 3.377 3.524 -0.147
11 6082 2.113 1.717 0.396 3.263 3.638 -0.375
12 6698 2.176 2.051 0.125 3.200 3.398 -0.198
13 5342 1.845 1.937 -0.092 3.607 3.494 0.113
14 3531 1.698 1.754 -0.056 3.708 3.627 0.081
15 3048 1.602 1.494 0.108 3.804 3.915 -0.111
16 4342 1.698 1.927 -0.229 3.838 3.550 0.288
17 4006 2.716 2.878 -0.162 3.360 3.130 0.230
18 4925 2.301 2.631 -0.330 3.340 2.933 0.407
19 4317 2.146 2.321 -0.175 3.279 3.081 0.198
20 3534 1.602 2.157 -0.555 3.823 3.245 0.578
21 3946 2.146 2.112 0.034 3.279 3.284 -0.005
22 4064 1.903 2.062 -0.159 3.522 3.362 0.160
23 4570 2.204 2.231 -0.027 3.220 3.175 0.045
24 4782 2.146 2.359 -0.213 3.345 3.086 0.259
25 5500 2.301 2.143 0.158 3.228 3.421 -0.183
26 7069 1.602 1.611 0.009 3.778 3.765 0.013
27 8589 1.903 2.010 0.107 3.598 3.412 0.185
28 4069 3.000 2.700 0.300 2.477 2.750 -0.273
29 6133 1.698 1.858 -0.160 3.881 3.615 0.266
30 3944 3.000 3.308 -0.308 2.538 2.162 0.376
31 3739 1.602 1.779 -0.177 4.058 3.895 0.163
32 2265 0.301 0.744 -0.443 5.210 4.678 0.532
33 7372 1.698 2.027 -0.329 3.713 3.332 0.381
Table 65
Cpd
No.
difference : obs-calc 
(log LD50)
Type A Type B Type C
4173 0.883 0.460 0.177
3990 0.790 0.252 0.476
3944 0.581 -0.308 -0.297
2814 -0.527 0.178 0.134
3534 -0.825 -0.555 -0.652
2265 -1.007 -0.443 -0.472
The results of the modified Free Wilson model using type C features are 
given in table 66 and the actual and calculated values for the trial 
compounds in table 67. The 1F ' values are marginally better than those 
obtained with the type B features: for log data, F - 27.40 for type
B, and F = 30,07 for type C; and for log 1/C data, F = 50.07 for type B, and 
55.75 for type C. This slight increase in significance is reflected in the 
improvement in the accuracy of the calculated activity of the largest 
variants of the first run: table 65.
Table 66 Activity coefficients of benzimidazole substituents (type C) 
for mammalian toxicity.
Mammalian toxicity coefficients (type C)
Substituent
1) from log LD50 2 ) from log 1/c
R/R1, F 0.18 (0.24) -0.25 (0.27)
Cl 0.02 (0 .2 1) -0.08 (0.25)
Br -0.14 (0.32) 0.26 (0.37)
I 0.26 (0.53) -0.02 (0.64)
no2 -0.12 (0.26) 0.06 (0.30)
X/X1, F 0.10 (0 .2 1 ) -0.12 (0.24)
Cl -0.22 (0.14) 0.22 (0.16)
Br 0.57 (0.37) -0.50 (0.43)
I 0.85 (0.40) -0.80 (0.47)
N02 -0.39 (0.29) 0.35 (0.33)
halo* x halo^ o 0.06 (0.09) -0.05 (0.11)
m -0.17 (0.13) 0.17 (0.15)
P
-0.31 (0.24) 0.33 (0.28)
halo^ x halo* o -0.01 (0.32) 0.05 (0.37)
m 0.05 (0.23) -0.14 (0.27)
P 0.09 (0.10) -0.12 (0 .1 1)
halo^ x halo^ o -0.39 (0.70) 0.24 (0.82)
m -0.37 (0.25) 0.30 (0.30)
P 0.51 (0.38) -0.34 (0.44)
halo^ x nitro o 0.25 (0.10) -0.25 (0.12)
m 0.24 (0.16) -0.24 (0.19)
P 0.08 (0.25) -0.05 (0.29)
halo^ x nitro o -0.14 (0.32) 0.13 (0.38)
nitro x nitro ra 0.28 (0.28) -0.24 (0.32)
skeleton contrib 2.10 (0.08) 3.36 (0.09)
n = 37 37
s = 0.455 0.530
r = 0.992 0.996
f24 ,12 30.07 55.75
Table 67 Actual and calculated mammalian toxicity values of 
benzimidazoles using type C coefficients
Table
No.
Cpd. 
No.
log LD50 values log 1/c values
actual calc. diff. actual calc. diff
1 3895 2.602 2.197 0.405 2.707 3.235 -0.528
2 3990 2.602 2.126 0.476 2.742 3.282 -0.540
3 2785 2.146 1.884 0.262 3.198 3.577 -0.379
4 4307 2.602 1.961 0.641 2.821 3.615 -0.794
5 4173 2.845 2.668 0.177 2.578 2.856 -0.278
6 4762 3.000 2.949 0.051 2.494 2.557 -0.063
7 4083 2.301 1.984 0.317 3.063 3.414 -0.351
8 2814 1.845 1.711 0.134 3.519 3.710 -0.191
9 6099 1.698 2.033 -0.335 3.647 3.321 0.326
10 5940 2.000 2.178 0.178 3.377 3.226 0.151
11 6082 2.113 1.720 0.393 3.263 3.663 -0.400
12 6698 2.176 2.097 0.079 3.200 3.350 -0.150
13 5342 1.845 2.158 -0.313 3.607 3.218 0.389
14 3531 1.698 1.568 0.130 3.708 3.833 -0.125
15 3048 1.602 1.536 0.066 3.804 3.877 -0.073
16 4342 1.698 1.787 -0.089 3.838 3.705 0.133
17 4006 2.716 2.847 -0.131 3.360 3.187 0.173
18 4925 2.301 2.473 -0.172 3.340 3.127 0.213
19 4317 2.146 2.276 -0.130 3.279 3.137 0.142
20 3534 1.602 2.254 -0.652 3.823 3.147 0.676
21 3946 2.146 2.223 -0.077 3.279 3.149 0.130
22 4064 1.903 2.003 -0.100 3.522 3.433 0.089
23 4570 2.204 2.168 0.036 3.220 3.239 -0.019
24 4782 2.146 2.277 -0.131 3.345 3.172 0.173
25 5500 2.301 2.250 0.051 3.238 3.281 -0.043
26 7069 1.602 1.713 -0.111 3.778 3.639 0.139
27 8589 1.903 2.034 -0.131 3.598 3.425 0.173
28 4069 3.000 2.663 0.337 2.477 2.764 -0.287
29 6133 1.698 1.829 -0.131 3.881 3.708 0.173
30 3944 3.000 3.297 -0.297 2.538 2.173 0.365
31 5739 1.602 1.733 -0.131 4.058 3.885 0.173
32 2265 0.301 0.773 -0.472 5.210 4.660 0.550
33 7372 1.698 1.704 -0.006 3.713 3.637 0.076
5.4.2.5 activity prediction
i) compounds for prediction
The real value of the various models however can only be determined by 
comparison of the accuracy of their predictive capabilities. To do this 
the predicted and actual mammalian toxicity for a different group of 38 
mixed halo, nitro, and halo-nitro 2-trifluoruethyl benzimidazoles was 
compared. The predicted activities based on the substituent coefficients 
derived from the type A and B features (from tables 59 and 63) are given 
in table 68 and from type C features (from table 6 6) in table 69.
ii) results
These results demonstrate a generally good agreement between actual and 
predicted activity. The relative accuracy of these predictions can be 
best appreciated by considering the percentage deviation between the 
actual and predicted response. Table 70 summarises these deviations for 
the 38 compounds for log values and log 1/C using type A and B
features^whilst those for type C features are given in table 69. Table 71 
summarises the frequency and spread of these variations. From this table 
it can be seen that if log data is used then type A features give
the best prediction. For data in the log 1/C form the type B features are 
marginally best. Of the two forms of data the log 1/C set is clearly 
superior andy in fact^ about 95% of the predictions using type A or B 
features are within 25% of the actual value, and all are within 35% of the 
actual value.
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Table 69 Pr edi ct ed  and a ct ua l  BJiraal ian t o x i c i t y  valuea o f  benz i ai dazol ea  
u i i n g  type C f e a t u r e s .
Table
No.
a )
Cpd
No. ac tu al
log LD50 
p re di c te d d i f f .
Z
v a r . actual
log 1/C 
predi cted d i f f .
Z
v a r .
1 5876 1.54 1.88 - 0 . 3 4 22.1 3.83 3.50 0 .33 - 8.6
2 3363 2. 30 2.02 0.28 - 12.2 3.11 3.40 - 0 . 2 9 9 . 3
3 2983 2.08 1.78 0 .30 - 1 4 . 4 3.33 3.70 - 0 . 3 7 11.1
4 5263 1.85 2 . 79 - 0 . 9 4 50.8 3.63 2 . 50 1.13 - 3 1 . 1
5 5086 1.90 1.84 0.06 - 3 . 2 3.57 3.56 0.01 - 0 . 3
6 7972 2.00 2 . 43 - 0 . 4 3 21.5 3 .48 3.18 0 .3 0 - 8.6
7 6098 2. 08 3 . 07 - 0 . 9 9 4 7. 6 3.46 2.20 1.26 - 3 6 . 4
8 5342 1.85 2 . 16 - 0 . 3 1 16.8 3.61 3.22 0 .3 9 - 10.8
9 4466 1.11 -  b) - - 4 . 38 -  b) - -
10 4487 2.18 -  b) - - 3.32 -  b) - -
11 4420 2. 18 2 . 15 0 . 03 - 1 . 3 3.27 3. 29 - 0.02 0.6
12 3047 2.30 -  b) - - 3.14 -  b) - -
13 2786 1.26 1. 58 - 0 . 3 2 25.4 4.21 3.86 0. 35 - 8 . 4
14 2813 1.88 1.08 0 . 80 - 4 2 . 6 3.59 4 2 . 3 - 0 . 7 3 20. 3
15 5381 1.40 2 . 67 - 1 . 2 7 90.7 4 . 13 2.72 1.41 - 3 4 . 1
16 7960 1.90 2 .09 - 0 . 1 9 10.0 3.62 3.54 0 . 0 8 - 2.2
17 7021 1.20 1.72 - 0 . 5 2 4 3. 3 4 . 22 3.78 0 . 44 - 1 0 . 4
18 8246 1.78 1.53 0.25 - 1 4 . 0 3. 80 4. 14 - 0 . 3 4 8 . 9
19 4690 1.85 1.89 - 0 . 0 4 2.1 3.79 3 .7 8 0.01 - 0 . 3
20 7974 1.60 1. 58 0.02 1.3 4 . 02 4. 18 - 0 . 1 6 4 . 0
21 4558 2.78 2.68 0.10 - 3 . 5 2. 70 2.77 - 0 . 0 7 2.6
22 4433 2.60 2.17 0.43 - 1 6 . 5 2.88 3. 19 - 0 . 3 1 10.7
23 6100 0. 95 1.24 - 0 . 2 9 30. 5 4 . 53 4. 34 0 . 19 - 4 . 2
24 6149 1.30 1.24 0.06 - 4 . 6 4 . 16 4. 38 - 0 . 2 3 5. 5
25 4178 1.40 1.08 0.32 - 22.8 4. 09 4. 34 - 0 . 2 5 6.1
26 5858 1.70 0 . 45 1.25 - 7 3 . 5 3.95 3.58 0. 37 - 9 . 4
27 6132 1.70 2.02 - 0 . 3 2 18.8 3.85 3.36 0 . 49 - 1 2 . 7
28 5960 1.60 1.69 - 0 . 0 9 5.6 4. 00 3.92 0 . 08 - 2.0
29 3447 1.48 1 . 70 - 0.22 14.9 4. 09 3.70 0 . 39 - 9 . 5
30 5065 1.54 1.71 - 0 . 1 7 11.0 4. 02 3.74 0 . 28 - 7 . 0
31 5517 1.30 2. 03 - 0 . 7 3 56.0 4. 32 2 . 94 1. 38 - 3 1 . 9
32 5257 1.30 1.37 - 0 . 0 7 5.4 4. 32 4 . 2 6 0 . 06 1.4
33 5690 1.30 2. 04 - 0 . 7 4 56.9 4.32 2. 98 1.34 - 3 1 . 0
34 5924 1.30 2.68 - 1 . 3 8 106.2 4.32 3.18 1.14 - 2 6 . 4
35 5824 1.40 1.08 0.32 22.8 4. 26 3.64 0. 62 - 1 4 . 6
36 4792 1.30 0 . 1 6 1.14 - 8 7 . 7 4 . 40 4 .8 4 - 0 . 4 4 10.0
37 3853 2.18 2. 17 0.01 - 0 . 5 3. 35 3. 19 0 . 16 - 4 . 8
38 4008 2. 30 2 .6 0 - 0 . 3 0 13.0 3.22 2.84 0 . 38 - 11.8
Note a)  f or  s t r uc t ur e s  and stol. v t a .  see t ab le  68.
b)  v a lu e j n o t  p r e d i c t a b l e  since a value for  a cta  halo^ x n i t r o  
or or t ho n i t r o  x n i t r o  v<«'t . not obtained f ro a the f i r s t  s e t .
mammalian toxicity of benzimidazoles.
Table
No.
Cpd
No.
log LD50 data 
% variation using
log 1/C data 
% variation using
Type A Type B Type A Type B
1 5876 18.2 30.2 -6.8 -14.6
2 3363 -25.7 9.7 19.9 -6.4
3 2983 -9.6 10.6 8.4 -5.1
4 5263 -8.6 12.4 3.3 -8.3
5 5086 8.9 -16.3 - 1.1 8.4
6 7972 -7.0 17.0 4.3 2.9
7 6098 16.8 7.7 - 11.0 -9.2
8 5342 17.8 4.9 -6.6 -2.8
9 4466 117.1 123.4 -31.0 -32.6
10 4487 12.8 - 10.6 -5.7 6.0
11 4420 29.4 14.7 -20.5 -11.3
12 3047 15.7 -21.7 -10.5 13.3
13 2786 26.9 62.7 -8.6 -20.4
14 2813 -23.9 -45.2 10.6 20.9
15 5381 12.9 55.7 -6.3 -22.3
16 7960 -16.8 -1.0 6.9 -2.8
17 7021 55.0 32.5 -13.5 - 11.1
18 8246 9.0 2.2 -3.4 -5.0
19 4690 15.1 30.8 -5.3 -9.0
20 7974 20.0 3.1 -8.2 -6.0
21 4558 -28.4 -5.4 27.8 3.0
22 4433 -23.5 -22.3 19.8 15.6
23 6100 50.5 15.8 -12.6 -5.7
24 6149 18.5 5.4 -8.7 -4.1
25 4178 2.1 -30.7 -3.9 7.1
26 5858 25.3 19.4 - 10.1 -7.3
27 6132 5.3 -9.4 -3.1 3.9
28 5960 10.6 -8.8 -6.3 0.7
29 3447 13.5 ‘ -14.2 -4.9 4.9
30 5065 -15.6 -59.7 2.2 16.4
31 5517 27.7 -8.4 -9.5 -0.2
32 5275 27.7 -8.4 -9.5 -0.2
> 33 5690 -1.5 21.5 -4.4 8.8
34 5924 56.9 -41.5 14.6 -9.3
35 5824 17.1 -20.7 -7.7 1.6
36 4792 53.8 29.2 -15.2 - 10.0
37 3853 -21.6 -31.2 10.1 15.5
38 4008 -11.3 -7.8 4.3 -8.7
Notes
a) % variation = predicted activity - actual activity x 100
actual activity
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Using Type C features it is not possible to calculate the activities of
2
all of the second set since values for halogen meta to a nitro and 
nitro ortho to a nitro were not obtained from the first batch. It is an 
inherent problem in adopting a too specific interaction definition that,
in order to predict activity of a larger number, examples of all 
possible interactions have to be included in the initial set. This 
was not allowed for here. From the percentage variation between actual 
and predicted results (table 71) it can be seen that although the ! F f 
valuesof the type C feature analysis were slightly better than those 
derived from type B, the predictive accuracy was no better. This is 
true for predictions derived from log L D ^  and log 1/C data.
iii) discussion and conclusions
It would seem therefore that the use of interaction features can 
compensate for a non-additive effect in the Free-Wilson model as indicated 
by Kubinyi (1976) and Kubinyi and Kehr^ahn* (1976), and increase the 
degree of agreement between actual and calculated or predicted activity. 
Using type A features the predicted activity of the dihalo substituted 
compounds tended to be over-estimated and the tri or tetrahalo compounds 
under-estimated. The nitro halo interaction also produced compounds which 
were more toxic than predicted in the case of the single halo-nitro or
ft
dinitro interactions and less toxic when two halo groups and a nitro group 
interacted.
Cpd No.
benzamidazole
substituents
difference : obs-calc 
(log LD50 data)
from type A 
coeffs.
from type B 
coeffs.
from type C 
coeffs.
3363 4,5-Cl 0.59 -0.22 0.28
2983 5,6-Cl 0.20 -0.22 0.30
4466 4-NO2 ,6-Br -1.30 -1.37 -
4420 4,6-N02 0.64 -0.32 0.03
4558 4,5-Cl,6-N02 0.79 0.15 0.10
4433 4,6-Cl,5-N02 0.61 0.58 0.43
5924 4,7-Br,5,6-Cl -0.74 0.54 -1.38
4792 4,5,6,7-Br -0.70 -0.38 1.14
These differences were reduced when the type B features were used (table 
72); with the exception of compound 4466. The high toxicity of this 
compound is so completely out of character with its isomers and related 
compounds that^either a very specific interaction must be postulated to 
account for its significantly enhanced toxicity^or else it must be assumed 
that the original result is incorrect. The type C features although they 
gave an improved prediction for halo-nitro compounds^were less accurate 
for poly halo compounds involving bromine and chlorine.
Returning to the purpose of this investigation it would appear that where 
it is possible to check actual mammalian toxicity values with predicted 
activity a generally good agreement has been obtained, allowing for the 
accuracy of the original data. It seems not unreasonable therefore to 
assume that the activity coefficients (type A, B and C) could be used with 
confidence to delineate approximately those configurations which should be 
avoided if a compound of high mammalian toxicity is undesirable.
for example, it wouia seem cnac nign coxicicy can De expeccea w m n  
increased halo substitution since the values of the interaction 
coefficients, especially the o - features are small in comparison with the 
positional features. Chlorine is most active in the 4 and 7 positions and 
bromine in the 5 and 6. Fluorine is also highly active in the 4 and 7 
positions but less effective in the 5 and 6. Of the halogens, iodine 
would appear to have an ameliorating influence's does the nitro group. 
Using these coefficients, an activity table can be calculated for all 
possible substitutions. However,which of these combinations should be 
considered further would be determined by the desired pesticidal 
activity. The final compounds chosen for further development would 
reflect a balance of these factors, i.e. an optimisation of the 
coefficients tending to reduce mammalian toxicity and those tending to 
enhance insecticidal or herbicidal activity. A consideration of these 
factors can only be discussed when the other activity coefficients have 
been obtained.
5.4.3 Free Wilson analysis of the insecticidal and acaricidal activity 
of benzimidazoles
5.4.3.1 experimental
The same 33 benzimidazoles subjected to the mammalian toxicity analysis 
were selected for the insecticidal activity investigation. The 
insecticidal and acaricidal results used in the analysis are summarised in 
table 73. For the insecticidal response, the computer score values for 
toxicity to the adult housefly, Musca domestica, and cabbage white larvae,
Table
No.
Cpd
No.
Av a) 
LC50 
in ppm
Log
LC50
Mol
Wt.
Log 1 b) 
C
Acaricidal 
activity 
LC50 in ppm
Log 1 b) 
C
1 3895 50.0 1.699 204 3.611 500 2.611
2 3990 252.5 2.402 221 2.942 150 3.168
3 2785 100.0 2.000 221 3.344 500 2.645
4 4307 32.5 1.512 265 3.911 500 2.724
5 4173 775.0 2.889 265 2.534 1500 2.247
6 4762 752.5 2.877 312 2.618 500 2.795
7 4083 32.5 1.512 231 3.852 500 2.665
8 2814 775.0 2.889 231 2.474 1.5 5.188
9 6099 15.0 1.176 222 4.170 150 3.170
10 5940 775.0 2.889 238 2.487 150 3.200
11 6082 15.0 1.176 238 4.200 1500 2.200
12 6698 252.5 2.402 238 2.974 1500 2.200
13 5342 32.5 1.512 283 3.940 1500 2.276
14 3531 27.5 1.439 255 3.967 50 3.708
15 3048 8.25 0.916 255 4.490 150 3.230
16 4342 27.5 1.439 344 4.097 50 3.838
17 4006 257.5 2.410 344 3.126 150 3.360
18 4925 825.0 2.916 438 2.725 50 3.943
19 4317 775.0 2.889 266 2.536 500 2.726
20 3534 8.25 0.916 266 4.508 1.5 5.249
21 3946 825.0 2.916 266 2.508 500 2.726
22 4064 752.5 2.877 266 2.548 15 4.249
23 4570 775.0 2.889 266 2.536 500 2.726
24 4782 1000.0 3.000 310 2.491 150 3.315
25 5500 27.5 1.439 346 4.100 500 2.840
26 7069 8.25 0.916 240 4.464 150 3.204
27 8589 32.5 1.512 317 3.989 15 4.325
28 4069 825.0 2.916 300 2.561 500 2.778
29 6133 275.0 2.439 380 3.140 1500 2.404
30 3944 1500.0 3.176 345 2.362 1500 2.362
31 5739 825.0 2.916 457 2.743 150 3.484
32 2265 150.0 2.176 324 3.334 150 3.334
33 7372 27.5 1.439 258 3.972 50 3.713
Notes
a) Insecticidal LC50 values allocated to computer scores for calculation 
of average LC50 were:
0 = 1500 ppm 4 = 15 ppm
1 = 500 ppm 5 “ 5 ppm
2 = 150 ppm 6 = 1.5 ppm
3 = 50 ppm
b) C = mM/1
log I *= iCg mol. wt x 1000 
C LC50 in ppm
Pieris brassicae, were converted to LC50 values in ppm and averaged (see 
notes for table 73). These two species were chosen because they were 
regarded as being most representative of the insect species susceptible to 
the benzimidazole series. The techniques for the insecticide tests are as 
described in 2.2.3.2 and Appendix I. The acaricidal activity used was the 
LC50 in ppm to adult greenhouse red spiders, Tetranychus telarius.
To test the value of transformation of the data, the Free-Wilson analysis 
was run against the average LC50 levels in ppm, log average-LC50, and log 
1/C; where C = LC50 in mM . The acaricidal response was analysed in the 
log 1/C transformation only. As in the mammalian toxicity investigation 
the chemical parameters used were the positional identifiers : type A: and
the position identifiers plus interaction factors : type B. Type C
features were not included in this study.
5.4.3.2 results
The results of the Free-Wilson analyses of the insecticidal and acaricidal 
data using the four different transformations with type A features are 
summarised in table 74, the actual and calculated values for insecticidal 
activity in table 75, and the actual and calculated values for acaricidal 
activity in table 76. The Free-Wilson analyses of the insecticidal and 
acaricidal data using type B features are summarised in table 77, with the
actual and calculated values in tables 78 and 79.
Table 74 Insecticidal and acaricidal activity coefficients for
benzimidazoles (type A)
R
Substituent Insecticidal coefficient Acaricidal
coefficients
Av. LC50 Log Av. LC50 Log 1/C Log 1/C
R/R1 F 23.47(104.56) -0.06(0.22) 0.03(0.22) 0.06(0.29)
Cl -98.78 (87.50) -0.13(0.19) 0.12(0.19) -0.14(0.24)
Br -71.98 (84.44) 0.04(0.18) 0.01(0.18) 0.14(0.23)
I -174.27(248.81) -0.31(0.53) 0.40(0.53) 0.14(0.69)
NO 2 248.11(115.39) 0.28(0.25) -0.31(0.24) -0.09(0.31)
X/X1 F -315.48(113.92) 0.52(0.25) 0.48(0.24) -0.17(0.31)
Cl -62.09 (67.95) -0.08(0.15) 0.08(0.14) 0.02(0.18)
Br 198.77(147.57) 0.31(0.32) -0.26(0.31) -0.21(0.41)
I 415.37(246.39) 0.78(0.53) -0.72(0.52) 0.10(0.67)
n o 2 521.01(160.42) 0.73(0.35) -0.74(0.34) 0.52(0.44)
skeletal
contribution 384.77 (56.29) 2.13(0.12) 3.31(0.12)• 3.17(0.15)
n = 35 35 35 35
s = 314.086 0.679 0.664 0.865
r = 0.879 0.967 0.986 0.974
F 11,24 7.42 31.17 75.90 40.45
Tab ic 75 Ac t u a l a n d  calc ulatcd insecticidal a c t i v i t i c a of bc n r i m i d a z o l e s  c a l c u l a t e d  from
type A cocff icione a .
Table No. Cpd
No.
I n s e c t i c i d a l  a c t i v i t y
a ctua l
Av LC50 
ca l c . d i f f . a ct ua1
Log LC50 
c a l c . d i f f . ac tua l
Log 1/C 
c a l c . d i f f .
1 3895 50.0 69.29 - 19 . 2 9 1.70 1.61 0 . 09 3.61 3.79 - 0 . 1 8
2 3990 252 .5 285.99 - 3 3 . 4 9 2.40 2.00 0 .4 0 2.94 3.43 - 0 . 4 9
3 2785 100.0 322.67 - 222. 67 2.00 2.05 0.05 3.34 • 3.39 - 0 . 0 5
4 4307 32.5 312.78 - 2 80 .2 8 1.51 2.15 - 0.66 3.91 3.32 0 . 59
5 4173 775 .0 583.54 191.46 2.89 2.44 0.45 2.53 3.06 - 0 . 5 3
6 4762 752.5 800.14 - 4 7 . 6 4 2.88 2.91 0. 03 2.62 2.59 0 .0 3
7 4083 32.5 632.88 - 6 00 .3 8 1.51 2.41 - 0 . 9 0 3 . 85 3.01 0 .84
8 2814 775.0 905.79 - 13 0 .7 9 2.89 2.86 0. 03 2.47 2.57 - 0.10
9 6099 15.0 92.76 - 7 7 . 7 6 1.18 1.55 - 0 . 3 7 4 .1 7 3.83 0. 34
10 5940 775.0 346.14 428.86 2.89 1.99 0 .9 0 2 . 49 3 . 42 - 0 . 9 3
11 6082 15.0 346.14 - 33 1. 14 1.18 1.99 - 0 . 8 1 4 . 20 3.42 0. 78
12 6698 252.5 7.19 245.31 2.40 1.54 0.86 2.97 3.87 - 0 . 9 0
13 5342 32.5 - 2 . 7 0 35.20 1.51 1.65 - 0 . 1 4 3.94 3.80 0.14
14 3531 27.5 223.89 - 1 96 .3 9 1.44 1.92 - 0 . 4 8 3.97 3.51 0 . 46
15 3648 8.25 187.20 - 178. 95 0.92 1.86 - 0 . 9 4 4 . 49 3.55 0. 94
16 4342 27.5 511.55 -48 4. 05 1.44 2.48 - 1 . 0 4 4 . 1 0 3.06 1.04
17 4006 257 .5 240.80 16.70 2.41 2.20 0.21 3.13 3.33 - 0.20
18 4925 825.0 625.86 199.14 2.92 2 . 60 0 . 32 2 . 73 2.99 - 0 . 2 6
19 4317 775.0 570.79 204.21 2.89 2.34 0.55 2.54 3.08 - 0 . 5 4
20 3534 8. 25 570.79 -56 2. 54 0.92 2.34 - 1 . 4 2 4.51 3. 08 1.43
21 3946 825.0 807.00 18.00 2.92 2.73 0 . 19 2.51 2.69 - 0 . 1 8
22 4064 752.5 843.69 91.19 2.88 2.78 0.10 2. 55 2.65 - 0.10
23 4570 775 .0 534.10 242.90 2.89 2.28 0.61 2.54 3.12 - 0 . 5 8
24 4782 1000.0 831.65 168.35 3.00 2.73 0 . 27 2.49 2 . 75 - 0 . 2 6
25 5500 27. 5 148.40 - 12 0 .9 0 1.44 1.75 - 0 . 3 1 4 . 1 0 3.79 0.31
26 7069 8. 25 116.23 - 1 07 . 98 0.92 1.49 - 0 . 5 7 4 .4 6 3 . 86 0 . 6 0
27 8589 32.5 - 6 4 . 8 0 97.30 1.51 1.57 - 0 . 0 6 3.99 3 . 88 0.11
28 4069 825.0 508.68 316.32 2.92 2.26 0.66 2.56 3.16 - 0 . 6 0
29 6133 275 .0 219.54 55.46 2.44 1.90 0. 54 3.14 3.58 - 0 . 4 4
30 3944 1500.0 993.02 506.98 3.18 2.93 0 .25 2.36 2.46 - 0.10
31 5739 825.0 377.47 447.53 2.92 2.44 0. 48 2.74 3.15 - 0 . 4 1
32 2265 150.0 63.01 86.99 2.18 1.71 0.47 3.33 3.71 - 0 . 3 8
33 7372 27.5 - 1 9 9 . 2 5 226.75 1.44 0 . 98 0.46 3.97 4 .3 4 - 0 . 3 7
Table 76 Actual and calculated acaricidal activity of
benzimidazoles from type A coefficients
Table No. Cpd
No.
Acaricidal activity 
Log 1/C 
actual calc diff
1 3895 2.61 3.00 -0.39
2 3990 3.17 3.02 0.15
3 2785 2.65 3.19 -0.54
4 4307 2.72 3.31 -0.59
5 4173 2.25 2.95 -0.70
6 4762 2.80 3.27 -0.47
7 4083 2.67 3.08 -0.41
8 2814 5.19 3.69 1.50
9 6099 3.17 3.06 0.11
10 5940 3.20 3.24 -0.04
11 6082 2.20 3.24 -1.04
12 6698 2.20 3.02 -0.82
13 5342 2.28 3.14 -0.87
14 3531 3.71 3.04 0.67
15 3048 3.23 2.88 0.35
16 4342 3.84 3.09 0.75
17 4006 3.36 3.44 -0.08
18 4925 3.94 3.41 0.53
19 4317 2.73 3.10 0.37
20 3534 5.25 3.10 2.15
21 3946 2.73 3.54 -0.81
22 4064 4.25 3.71 0.54
23 4570 2.73 2.93 -0.20
24 4782 3.32 2.86 0.46
25 5500 2.84 3.33 -0.49
26 7069 3.20 3.11 0.09
27 8589 4.33 3.16 1.17
28 4069 2.78 3.12 -0.34
29 6133 2.40 2.98 -0.58
30 3944 2.36 3.47 -1.11
31 5739 3.48 3.25 0.23
32 2265 3.33 2.92 0.41
33 7372 3.71 2.94 0.77
Tab le 77 Insecticidal anil acaricidal a c tivity c o e f f i c i e n t s  of ben t i m i d a t o l e a  
type B (using interact ion tactors)
Subat i tuent
Av.
I na e c t i c i c
LC50
l al  a c t i v i t y
Log av.  LC50 Log 1/C
A c a r i c i d a l  a c t i v i t y  
Log 1/C
R/R1 F 141.80 ( 15 7 . 10 ) - 0 . 0 3 ( 0 . 2 8 ) - 0.01 ( 0 . 2 7 ) - 0.21 ( 0 . 7 0 )
Cl 115.23 ( 1 56 .4 5) 0 . 56 ( 0 . 2 8 ) - 0 . 5 9 ( 0 . 2 7 ) - 0 . 3 0 ( 0 . 7 0 )
Br - 220.12 ( 16 4. 68 ) - 0 . 5 5 ( 0 . 2 9 ) 0.61 ( 0 . 2 9 ) 0.37 ( 0 . 7 3 )
1 38.30 ( 54 5. 93 ) 0 . 08 ( 0 . 9 7 ) 0.17 ( 0 . 9 7 ) - 1 . 3 7 ( 2 . 4 4 )
no2 - 3 4 . 8 8 ( 13 0. 38 ) 0.00 ( 0 . 2 3 ) - 0 . 0 6 ( 0 . 2 3 ) 0 . 56 ( 0 . 5 8 )
X / X1 F -18 5. 35 ( 14 9. 59 ) - 0 . 3 5 ( 0 . 2 7 ) 0 .33 ( 0 . 2 6 ) - 0 . 4 6 ( 0 . 6 7 )
Cl - 13 0 . 0 8 ( 8 5 . 8 4 ) - 0 . 2 7 ( 0 . 1 5 ) 0 . 26 ( 0 . 1 5 ) 0.11 ( 0 . 3 8 )
Br 338.72 ( 15 9 .2 8 ) 0 . 69 ( 0 . 2 8 ) - 0 . 6 3 ( 0 . 2 8 ) - 0 . 4 0 ( 0 . 7 1 )
I 402.36 ( 22 5. 91 ) 0 .74 ( 0 . 4 0 ) - 0 . 6 4 ( 0 . 4 0 ) - 0.22 ( 1. 01)
no2 317.11 ( 15 8 .3 2 ) 0 . 63 ( 0 . 2 8 ) - 0 . 6 7 ( 0 . 2 8 ) 1.22 ( 0 . 7 1 )
Y F,  o - 68.41 ( 8 6 . 9 3 ) 0.30 ( 0 . 1 5 ) - 0 . 2 9 ( 0 . 1 5 ) 0. 15 ( 0 . 3 9 )
m- - 13 1. 32 ( 14 3. 81 ) - 0 . 1 9 ( 0 . 2 6 ) 0 .17 ( 0 . 2 5 ) - 0.01 ( 0 . 6 4 )
P- - 166 . 42 ( 20 6 .7 0 ) - 0 . 4 7 ( 0 . 3 6 ) 0 .52 ( 0 . 3 7 ) 0.26 ( 0 . 9 2 )
C l ,  o- 209.65 ( 7 3 . 7 8 ) 0 . 58 ( 0 . 1 3 ) - 0 . 5 7 ( 0 . 1 3 ) - 0 . 0 5 ( 0 . 3 3 )
m- - 2 06 . 18 ( 10 9 .6 0 ) - 0 . 4 6 ( 0 . 1 9 ) 0. 45 ( 0 . 1 9 ) 0.04 ( 0 . 4 9 )
P~ - 33 1 .1 8 ( 18 5 .7 9 ) - 1 . 1 4 ( 0 . 3 3 ) 1.15 ( 0 . 3 3 ) 0.27 ( 0 . 8 3 )
Br ,  o- 119.91 ( 11 3 .2 2 ) 0.06 ( 0 . 20) - 0 . 0 3 ( 0. 20) 0.03 ( 0 . 5 1 )
JD- - 18 3. 32 ( 14 7. 34 ) - 0 . 2 9 ( 0 . 2 6 ) 0 . 26 ( 0 . 2 6 ) 0 .07 ( 0 . 6 5 )
P- 170.15 ( 18 7 .9 2 ) 0.71 ( 0 . 3 3 ) - 0 . 7 4 ( 0 . 3 3 ) - 0 . 3 9 ( 0 . 8 4 )
I , m- - 3 5 . 8 8 ( 3 74 . 5 9) - 0 . 0 3 ( 0 . 6 7 ) - 0 . 0 8 ( 0 . 66) 1.05 ( 1 . 6 7 )
N02 , o 106.60 ( 13 2 .2 7 ) 0.01 ( 0 . 2 3 ) - 0.01 ( 0 . 2 3 ) - 0 . 5 4 ( 0 . 5 9 )
D 59.39 ( 16 5. 96 ) - 0 . 2 8 ( 0 . 2 9 ) 0 .32 ( 0 . 2 9 ) - 0 . 1 9 ( 0 . 7 4 )
P 542.71 ( 25 4 .9 5 ) 1.13 ( 0 . 4 5 ) - 1 . 0 8 ( 0 . 4 5 ) - 0 ‘. 92 ( 1 . 1 4 )
skeleton
c o n t r i b u t i o n 385.86 ( 4 2 . 6 5 ) 2.13 ( 0 . 0 7 ) 3.31 ( 0 . 0 8 ) 3. 16 ( 0 . 1 9 )
n “ 37 37 37 37
8 “ 234. 80 0. 4179 0. 4158 1.0488
r  " 0 . 968 0. 994 0.997 0.981
^24,12 7.38 39 .82 90.84 12. 80
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Table 79 Actual and calculated acaricidal activity of
benzimidazoles from type B coefficients
Table No. Cpd
No.
Acaricidal activity 
Log 1/C 
actual calc diff
1 3895 2.61 2.70 -0.09
2 3990 3.17 2.86 0.31
3 2785 2.65 3.27 -0.62
4 4307 2.72 3.53 -0.81
5 4173 2.25 2.77 -0.52
6 4762 2.80 2.94 -0.14
7 4083 2.67 3.72 -1.05
8 2814 5.19 4.38 0.81
9 6099 3.17 2.48 0.69
10 5940 3.20 3.16 0.04
11 6082 2.20 3.09 -0.89
12 6698 2.20 2.91 0.71
13 5342 2.28 3.14 -0.86
14 3531 3.71 3.05 0.66
15 3048 3.23 3.10 0.13
16 4342 3.84 3.26 0.58
17 4006 3.36 3.10 0.26
18 4925 3.94 3.67 0.27
19 4317 2.73 3.24 0.51
20 3534 5.25 3.68 1.57
21 3946 2.73 3.93 -1.20
22 4064 4.25 3.91 0.34
23 4570 2.73 2.77 -0.04
24 4782 3.32 2.82 0.50
25 5500 2.84 2.99 -0.15
26 7069 3.20 3.09 0.11
27 8589 4.33 3.33 1.00
28 4069 2.78 3.11 -0.33
29 6133 2.40 3.00 -0.60
30 3944 2.36 2.05 -0.31
31 5739 3.48 3.11 0.37
32 2265 3.33 3.20 0.13
33 7372 3.71 3.20 0.51
i) insecticidal activity
Considering the insecticidal results from the type A feature analysis 
first, the significance of the analysis was increased with the 
transformation of the data from the untransformed LC,.q value to log 
LC^q , and to log 1/C. This is shown by the increase in 'F' value 
from 7.42 to 31.17 to 75.90 (p =<0.01) and decrease in the residual 
error. The value for the log 1/C analysis indicates that 97.2% (r x 
100) of the variation is explained. The results of the acaricidal 
analysis are only marginally less significant: F = 40.45 (p =^0.01).
From the table of actual and calculated values (table 75 and 78) the 
greatest variations are to be found with the following compounds:
Table 80
Cpd No. Structure
Log LD^g data 
obs-calc.
Type A
a)
Type B
4307 4-Br -0.66 -0.07
4083 4-N02 -0.90 -0.62
5940 4-F, 5-C1 0.90 0.17
6082 4-F, 6-C1 -0.81 -0.01
6698 5-F, 6-C1 0.86 0.01
3048 4,7-Cl -0.94 -0.06
4342 4,6-Br -1.04 -0.25
3534 4-N02, 6-Cl -1.42 -0.21
a) minus values indicate that the calculated activity is more than 
the observed, and vice versa.
uniiKe tne mammalian coxicicy re:;uits tne interaction enects witu lti 
and tetra halosubstition are less intense and the majority of the 
deviants are in the disubstituted series. Here adjacent substition 
tends to decrease activity, and non-adjacent enhance. The effects of 
these interaction effects are significantly depressed by the addition 
of the interaction features (type B in table 80) and this therefore 
would appear to be the preferred basis for activity prediction.
Predictions for a further 38 compounds using the activity coefficients 
derived from the first 33 compounds are summarised in table 81. The 
degree of correlation between the actual result and the predicted 
response appears to follow the trend of significance indicated by the 
'F' values for the Free-Wilson analyses in tables 74 and 77; i.e. the 
best fit is obtained with the log 1/C data using the type A 
interaction features. A guide to the accuracy of these predictions 
can be obtained from tables 82 and 83, where the frequency and 
distribution of the percentage variance between predicted and actual 
activity is summarised. In table 83 it can be seen that if an 
accuracy of not more than + 25% between the actual and predicted 
response is required then the results from log LC^^ data were 66% 
reliable if type A^and 58%^if type B features were used. If log 1/C 
data was used the results were 79% reliable with type A features^and 
63% reliable with type B. The reversal of the reliability of type A 
and B features, from that indicated by the first run with the 33 
compounds, is interesting and underlines the need to exercise caution 
when extrapolating from too little data. Clearly the values for the 
coefficients of interaction terms used were biased by the very small 
number of compounds employed to generate them.
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In practice a re-run of the analysis should be carried out whenever a 
fresh set of compounds has been prepared in order to tighten up the 
accuracy of the co-efficients. To simulate this a re-run of the model 
was carried out in which the second batch of 38 compounds was combined 
with the original 33 to produce a new set of coefficients.
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table 82 Percentage variation between observed and predicted 
insecticidal activity of benziinidazoles.
Table
No.
Cpd
No.
log av. LC50 data 
% variation using:
log 1/C data 
% variation using:
type A type B type A type B
1 5876 25.4 43.2 -6.9 - 12.6
2 3363 -4.0 79.0 2.9 -46.0
3 2983 -17.9 14.6 15.3 - 10.6
4 5263 36.7 55.6 -16.1 -25.9
5 5086 -27.4 -80.6 30.8 88.1
6 7972 -18.1 10.8 20.4 - 10.0
7 6098 -3.5 2.1 1.9 -7.9
8 5342 9.3 -50.3 -3.6 18.8
9 4466 195.6 144.5 -40.2 -30.1
10 4487 -0.7 -43.8 0.3 49.0
11 4420 * 7.5 -24.6 -10.3 27.8
12 3047 19.7 13.7 -25.0 -20.9
13 2786 - 2.1 88.8 0.3 -48.0
14 2813 51.7 -20.3 -15.2 -4.0
15 5381 -7.0 73.3 4.2 -57.7
16 7960 -22.3 20.9 23.1 -22.3
17 7021 -30.2 -27.4 31.3 28.7
18 8246 58.9 78.8 -22.7 -29.3
19 4690 -6.3 -0.3 4.8 2.0
20 7974 -2.8 -8.7 1.8 11.3
21 4558 -9.2 39.0 8.2 -46.9
22 4433 8.3 14.5 7.3 20.5
23 6100 -39.0 -26.7 40.8 27.6
24 6149 34.0 77.0 -9.9 -18.6
25 4178 -32.8 -10.1 14.2 2.2
26 5858 -20.0 2.8 13.4 -4.2
27 6132 -42.6 -16.7 32.0 10.2
28 5960 -15.7 0.5 7.0 -2.3
29 3447 -22.0 2 .l' 13.9 -5.3
30 5065 -30.0 -28.0 31.1 29.6
31 5517 -6.6 4.9 2.5 -6.2
32 5257 -5.8 5.8 1.9 -6.5
33 5690 2.5 -7.4 -4.4 5.0
34 5924 -18.3 13.5 12.6 -13.2
35 5824 -8.6 -9.3 6.6 9.1
36 4792 -1.7 19.0 0.0 -5.7
37 3853 -16.0 -33.0 14.7 34.5
38 4008 -33.1 6.9 40.2 -11.9
table 83 Distribution and frequency of variations between
observed and predicted insecticidal activity of second 
batch of 38 benzimidazoles.
% variation 
groups 
( + )
log av . LC50 log 1/C
type A Cumul. 
%
type B Cumul. 
%
type A Cumul. 
%
type B
a)
Cumul. 
%
0-4.9 7 18 6 16 12 32 5(15) 13(39)
5.0-9.9 9 42 5 29 6 47 7 (8) 32(60)
10.0-14.9 - 6 45 6 63 7 (5) 50(74)
15.0-19.9 6 58 2 50 3 71 2 (5) 55(87)
20.0-24.9 3 66 3 58 3 79 3 (2) 63(92)
25.0-29.9 2 71 3 66 1 82 6 (1) 79(95)
30.0-34.9 5 84 1 68 4 92 2 (1) 84(97)
35.0-39.9 2 89 1 71 - -
40.0-44.9 1 92 2 76 3 100 - (1) (100)
45.0-49.9 - - - 4 95
50.0-54.9 1 94 1 79 -
>55.0 2 100 8 100 2 100
Note a) values in parentheses are the % variance and freqency of the 
compounds from the re-run of the Free-Wilson analysis using 
the 38 plus the 33 original benzimidazoles.
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Table 84
Insecticidal activity coefficients derived from 71 benzimidazoles
Su bsti tuent log lc50 log 1/C
R/R1 F 0.19 (0.34) -0.24 (0.33)
Cl -0.21 (0.14) 0.19 (0.14)
Br 0.31 (0.17) -0.25 (0.17)
I 0.61 (0.85) 0.72 (0.84)
NO 2 -0.18 (0.23) 0.10 (0.23)
X/X1 F -0.23 (0.27) 0.21 (0.27)
Cl -0.20 (0.12) 0.19 (0.12)
Br 0.19 (0.18) -0.13 (0.18)
I 0.70 (0.49) -0.64 (0.48)
n o 2 0.58 (0.23) -0.63 (0.22)
1  F, o 0.35 (0.13) -0.33 (0.13)
m -0.61 (0.28) 0.57 (0.27)
P -0.31 (0.36) 0.34 (0.36)
Cl, o 0.20 (0.08) -0.20 (0.09)
m -0.02 (0.12) 0.02 (0.12)
P -0.19 (0.16) 0.20 (0.16)
Br, o 0.32 (0.11) -0.31 (0.11)
m -0.57 (0.17) 0.53 (0.17)
P -0.06 (0.18) 0.05 (0.18)
I, m 0.17 (0.63) -0.20 (0.62)
n o 2 o 0.04 (0.16) -0.03 (0.16)
m -0.08 (0.20) 0.11 (0.20)
P 0.87 (0.37) -0.83 (0.37)
skeletal contrib. 2.28 (0.06) 3.21 (0.06)
n = 75 75
s = 0.499 0.490
r = 0.984 0.992
f24 , 50 = 65.36 ■ 129.97
f
Table 85 Actual and calculated insecticidal activity of 71 benzimidazoles (38 + 33)
Table 
No. a)
Cpd
No.
log 1/C a)
Table Cpd
log 1/C
actual calc. diff.
No. No.
actual calc. diff.
1 3895 3.61 3.42 0.19 37 5263 3.78 3.82 -0.04
2 3990 2.92 3.40 -0.48 38 5086 2.60 3.70 -1.10
3 2785 3.34 3.40 -0.06 39 7972 2.60 2.76 -0.16
4 4307 3.91 2.96 0.95 40 6098 2.66 2.59 0.07
5 4173 2.53 3.08 -0.55 41 5342 3.94 4.27 -0.33
6 4762 2.62 2.57 0.05 42 4466 4.58 3.83 0.75
7 4083 3.85 3.31 0.54 43 4487 2.57 2.98 -0.41
8 2814 2.47 2.58 -0.11 44 4420 2.52 2.90 -0.38
9 6099 4.17 4.32 -0.15 45 3047 2.44 1.90 0.54
10 5940 2.49 2.64 -0.15 46 2786 3.58 3.03 0.55
11 6082 4.20 3.76 0.44 47 2813 4.28 3.83 0.45
12 6698 2.97 3.09 -0.12 48 5381 3.12 3.11 0.01
13 5342 3.94 4.28 -0.34 49 7960 2.64 2.49 0.15
14 3531 3.97 3.64 0.33 50 7021 2.65 2.99 -0.34
15 3048 4.49 3.99 0.50 51 8246 4.06 3.07 0.99
16 4342 4.10 3.90 0.20 52 4690 2.93 3.14 -0.21
17 4006 3.13 2.83 0.30 53 7974 2.75 2.53 0.22
18 4925 2.73 2.89 -0.16 54 4558 2.56 2.48 0.08
19 4317 2.54 3.28 -0.74 55 4433 2.58 2.56 0.02
20 3534 4.51 3.63 0.88 56 6100 2.57 3.40 -0.83
21 3946 2.51 2.90 -0.39 57 6149 4.46 3.72 0.74
22 4064 2.55 2.55 0.00 58 4178 3.60 3.59 0.01
23 4570 2.54 2.87 -0.33 59 5858 3.13 3.18 -0.05
24 4782 2.49 2.85 -0.36 60 6132 3.03 3.40 -0.37
25 5500 4.10 3.94 0.16 61 5960 3.42 3.37 0.05
26 7069 4.46 4.12 0.34 62 3447 3.16 3.09 0.07
27 8589 3.99 3.43 0.56 63 5065 2.57 3.24 -0.67
28 4069 2.56 3.20 -0.64 64 5517 3.18 3.06 0.12
29 6133 3.14 3.50 -0.36 65 5257 3.20 3.06 0.14
30 3944 2.36 2.03 0.33 66 5690 3.17 3.20 -0.03
31 5739 2.74 2.87 -0.13 67 5924 3.10 2.90 0.20
32 2265 3.33 3.28 0.05 68 5824 2.74 3.02 -0.28
33 7372 3.97 4.16 -0.19 69 4792 2.81 2.83 -0.02
34 5876 4.20 4.20 0.00 70 3853 2.52 2.89 -0.37
35
36
3363
2983
3.41
3.01
3.19
3.19
0.22
-0.18
71 4008 2.34 2.41 -0.07
I
Note a) table no. 1-33 are the 33 compounds used in the first runs and table no. 34-71 
are the second 38 compounds.
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Table 84 lists the new set of activity coefficients obtained from
these 71 benzimidazoles and table 85 the revised actual and calculated
log 1/C values, using type B features. This analysis has a higher
level of significance (F_. c_ = 129.97) than either set alone. The
24,50
major anomalies in the predicted results of the second set of 38 
compounds (table 71), using the coefficients from the first set,
(table 86) are significantly reduced: e.g.
table 86
Cpd
No. Substituent
log 1/C data : type B features
predicted activity 
difference (%)
calculated activity 
difference (%)
3363 4,5-Cl 1.57 (-46.0) 0.22 (-6.4)
5086 4-Br,6-C1 -2.29 (88.1) -1.10 (42.0)
4466 4-N02 ,6-Br 1.38 (-30.1) 0.75 (-16.4)
4487 4-Br,6-N02 -1.26 (49.0) -0.41 (16.0)
2786 4,5,6-Cl 1.72 (-48.0) 0.55 (-15.3)
5381 4,5-Cl,6-Br 1.80 (-57.7) 0.01 (-0.3)
8246 4,6-Br,5-Cl 1.19 (-29.3) 0.99 (-24.3)
4558 4,5-Cl,6-N02 1.20 (-46.9) 0.08 (-3.1)
The frequency and distribution of the percentage variance between 
actual and calculated activity for the second set of 38 compounds are 
also improved; e.g. for log 1/C data from 63% with a + 25% deviation 
to 92% (see table 83).
ii) acaricidal activity
In the acaricidal activity analysis, for brevity, only the log 1/C 
data transformation was considered and here, unlike the results of the 
insecticidal analysis, there was a slight loss of significance when 
type B features were used as compared with type A: F values of 12.80
as compared with 40.45 (compare tables 74 and 77). Both analyses were 
highly significant however (p = 0.01).
When the activity coefficients were used predictively for the second 
set of 38 compounds (table 87) the marginal difference of significance 
between type A and B features was reflected in a general similarity of 
performance. Using type A features 79% of the compounds predicted 
were within ±25% of the observed response and *84% using type B 
features (table 88). The major variants were where a chloro-nitro 
interaction occurred. These, in practice, would be largely eliminated 
by re-running the model with a larger data base^as new compounds were 
prepared and tested.
Table 87 Actual and predicted acaricidal activity of benzimidazoles
Table
No.
Cpda
No.
Log 1/C
actual
predict. 
from type 
A
diff. Z var.
predict, 
from type 
B
diff. Z var.
1 5876 2.67 2.86 -0.19 7.1 2.43 0.24 -9.0
2 3363 3.23 3.05 0.18 -5.6 2.87 0.36 -11.1
3 2983 3.23 3.21 0.02 -0.6 3.17 0.06 -1.9
A 5263 3.29 2.82 0.47 -14.3 2.57 0.72 -21.9
5 5086 3.78 3.33 0.45 -11.9 3.75 0.03 -0.8
6 7972 3.78 2.98 0.80 -21.1 2.85 0.93 -24.6
7 6098 4.36 3.13 1.23 -28.2 3.73 0.63 -14.4
8 5342 2.75 3.14 -0.39 14.2 3.13 -0.38 13.8
9 4466 3.32 2.87 0.45 -13.6 3.20 0.12 -3.6
10 4487 3.32 3.83 -0.51 15.4 4.63 -1.31 39.5
11 4420 3.26 3.60 -0.34 -10.4 4.56 -1.30 39.9
12 3047 2.74 4.21 -1.47 53.6 4.52 -1.78 64.7
13 2786 3.76 3.07 0.69 -18.4 2.96 0.80 -21.3
14 2813 3.28 2.91 -0.37 11.3 3.19 0.09 -2.7
15 5381 2.35 2.84 -0.49 20.9 2.56 -0.21 8.9
16 7960 3.82 2.84 0.98 -25.7 2.61 1.21 -31.7
17 7021 4.35 3.35 1.00 -22.9 3.74 0.61 -14.0
18 8246 3.87 3.12 0.75 -19.4 3.34 0.53 -13.7
19 4690 2.45 3.24 -0.79 32.2 2.92 -0.47 19.2
20 7974 3.45 2.89 0.56 -16.2 2.99 0.46 -13.3
21 4558 2.30 3.57 -1.27 55.2 3.35 -1.05 45.7
22 4433 2.78 3.57 -0.79 28.4 3.09 -0.31 11.2
23 6100 3.31 3.13 0.18 -5.4 3.41 -0.10 3.0
24 6149 3.29 2.94 0.35 -10.6 3.19 0.10 -3.0
25 4178 3.79 2.74 1.05 -27.7 2.96 0.83 -21.9
26 5858 2.47 3.07 -0.60 24.3 2.88 -0.41 16.6
27 6132 3.37 3.02 0.35 -10.4 3.08 0.29 -8.6
28 5960 3.42 2.94 0.48 14.0 2.76 0.66 19.3
29 3447 3.87 3.21 0.66 -17.1 3.30 0.57 -14.7
30 5065 3.39 2.70 0.69 -20.3 2.86 0.53 -15.6
31 5517 2.44 2.98 -0.54 22.1 2.98 -0.54 22.1
32 5257 3.44 2.98 0.46 -13.4 2.98 0.46 -13.4
33 5690 2.91 2.47 0.44 15.1 2.54 0.37 -12.7
34 5924 2.91 3.49 -0.58 19.9 3.42 -0.51 17.5
35 5824 2.48 2.75 -0.27 10.9 2.66 ' -0.18 7.3
36 4792 4.00 3.03 0.97 -24.3 2.78 1.22 30.0
37 3853 3.34 3.43 -0.09 2.7 3.08 0.26 -7.8
38 4008 2.35 2.98 -0.63 26.8 2.13 0.22 -9.4
Note a) substituents and mol. wt. are given in table 81.
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Table 88 Distribution and frequency of variations between actual
and predicted acaricidal activity (log 1/C) of 
benzimidazoles.
% variation 
group (+)
from
frequency
type A
cumul. %
from
frequency
type B
cumul. %
+ 0-4.9 2 5 6 16
5-9.9 3 13 6 32
10-14.9 11 42 10 58
15-19.9 7 61 5 , 71
20-24.9 7 79 5 84
25-29.9 5 92 - -
30-34.9 1 95 2 89
35-39.9 - - 2 94
40-44.9 - -  . . - -
45-49.9 - - 1 97
50-54.9 1 97 -
>55 1 100 1 100
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5.4.4 Free-Wilson analysis of herbicidal activity of benzimidazoles
5.4.4.1 Experimental
The 33 benzimidazoles previously used in the investigation of 
mammalian toxicity and insecticidal activity were employed in the 
investigation of the applicability of the Free-Wilson model to 
herbicide activity prediction. The particular herbicidal response of 
interest was the post-emergent (foliar applied) activity against the 
broad leaf species; peas, mustard, linseed and sugar beet. The test 
techniques and method of scoring activity are as recorded in Section
2.2.4 and Appendix I. The major difference between the herbicide 
tests and the mammalian toxicity and insecticide tests,is that for 
ease and uniformity of testing, the compounds are applied at one or 
more set dosage rates; the choice of which is partly determined by 
previous knowledge and partly by compound availability. Hence the 
data is presented as a herbicidal score,or index,at a particular rate 
e.g. 11.2 kg/ha, 2.8 kg/ha or 0.7 kg/ha,and not all compounds in a 
series, including the benzimidazoles described here, are necessarily 
tested at the same rate. Results from variable rates are incompatible 
with the Free-Wilson approach and therefore before the data can be 
analysed ,it must first be converted to a common scale. Another 
problem is that the data is stored in the computer in a weighted 0-9 
scale. This was designed to emphasise activity or inactivity in a 
visual scan of a print-out of results and is not entirely suitable for 
direct arithmetical processing. Thus before a Free-Wilson analysis 
can be carried out the computer herbicide scores must be converted 
first to a linear scale ,and then to a common rate.
5.4.A.2 Data preparation
To convert the computer score for each species to a linear scale they 
were transformed back to percentage kills; the value adopted being the 
mid-point of the score band represented by the particular code, e.g.:-
Computer score 
code
Equivalent
Herbicide
%
Score band
derived % 
herbicide 
value
0 0 0
1 1-9 5
2 10-24 17
3 25-34 29.5
4 35-49 42
3 50-64 57
6 65-74 69.5
7 75-84 79.5
8 85-94 89.5
9 94 97.5
The conversion of the results to be standard rate was accomplished by 
calculating the slope of the dosage response curve for as many members 
of the series for which results of multiple dose tests were available, 
and using the average slope constant (S) obtained^to extrapolate from 
the single dose response available for the remainder of the compounds^ 
to a result at a common dose rate.
To obtain the average slope constant (S) the individual compound dose 
response curves may be plotted on log probit analysis paper and an 
average slope fitted by eye. From this the average slope constant can 
be derived by measurement. Alternatively it can be calculated from 
the formula (see fig 27)I
fig. 27 Diagram to illustrate calculation of slope constant (S)
doserresponse line
B
Dose
response
in
Probits
e.g.
Herbicide
score
A
A B
♦
Dose rate in logs: e.g. kg/ha
S = Q 
P
where Q = log dose A - log dose B
and P = probit score B - probit score A.
Average slope constant (S) = log dose B - log dose A_________ (5.4.1)
probit score B - probit score A
From this equation the probit (or % score) at any dose (X) can be 
calculated from the formula:
probit dose X - (log dose X - log dose Y) + probit Y (5.4.2)
S
where X is the unknown score value at a given dose and Y is the known
score at a known dose.
Similarly the log of the L C ^  in kg/ha (Z) can be obtained from the 
formula:
log LC,.q in kg/ha (Z) = log dose Y-S (probit dose Y - probit of 50%) (5.4.3) 
(Probit of 50% = 5.00)
To obtain the log in mols/ha the equation used was:
Log in mols/ha = (Z + 3) - log (mol wt of cpd) (5.4.4)
All of these calculations are based on the assumption that the 
post-emergent herbicidal dose response curve is linear when dosages are 
subjected to a logarithmic transformation and percentage controls to 
probits. This would appear to be true for the benzimidazoles examined 
here.
Fig 28 shows a plot of the post-emergent herbicidal dosage response 
activity, using normal arithmetic scales, for six benzimidazoles for 
which 4 or more dose rates were tested. All show a non-linear 
response but when transformed to a log probit scale (fig 22) a linear 
response was obtained.
Using equation 5.4.1 the slope constant (S) for the benzimidazole 
series was calculated from the average activity of 20 compounds at two 
rates (11.2 and 0.7 kg/ha). The results are summarised in table 89.
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fig. 28 Post-emergent herbicidal response of six benzimidazoles
Each point represents the average % score against 
four broad-leaf species.
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fig. 29 Post—emergent herbicidal response of six benzimidazoles 
log/probit transformed data plot.
. .  3^0.
x — 2814 
O  -  5500 
•  - 573T 
A .  -  2 185
□  “  2265.
20
BO
291 ■
Table 89
Calculation of slope constant (S) for benziraidazoles
No.
Cpd.
No.
Herbicidal score 
(av. of 4 species)
11.2 kg/ha 0.7 kg/ha
1 4307 90.50 62.75
2 4173 95.50 77.40
3 4762 83.40 75.40
4 4083 87.40 61.30
5 2814 95.50 65.40
6 6099 95.50 77.40
7 5940 97.50 72.87
8 6082 97.50 77.40
9 6698 87.40 49.60
10 5342 93.00 75.40
11 3531 93.00 93.00
12 4342 97.50 87.40
13 4006 74.40 42.30
14 4925 75.40 17.10
15 4570 80.50 44.00
16 4782 95.50 66.30
17 7069 97.50 83.40
18 5739 77.30 26.60
19 2265 77.30 57.30
20 5500 95.50 70.40
total 1787.10 1282.72
average score 89.36 64.14
from the average scores
slope constant (S) = 1.0492 - (-0.1549)
6.2453-5.3622
S = 1.3635
5.4.4.3 data base
Using the formula described in the previous section,the herbicidal 
activity values for the 33 benzimidazoles were prepared,and are 
summarised in table 90. In this table the untransformed computer 
post-emergent scores for the four broad leaf species are given. In 
all but three examples these results were obtained at 0.7 kg/ha. Of 
these, two were tested at 2.8 kg/ha and one at 11.2 kg/ha. The 
average score value for the computer scores transformed to percentage 
control are given. From this value the log in kg/ha has been
calculated and the log LC^q in M/ha using formulae 5.4.3 and
5.4.4 . Finally the percentage scores normalised (using formula 
5.4.2) to 0.7 kg/ha and given an arcsine and probit transformation are 
listed.
Arcsine,or angular transformations, and probit transformations of the 
percentage score are both recommended means of simplifying a 
curvilinear relationship to a linear one,particularly where 
percentages are involved (Sokal and Rohlf, 1969).
Free-Wilson analyses of these data were run using type A and type B 
chemical features described for the two previous analyses.
5.4.4.4 results
The activity coefficients derived from the analysis based on the 
untransforraed average score at 0.7 kg/ha, the average score with 
arcsine transformation, with probit transformation, the log in
kg/ha, and log in M/ha, using type A features is given in table
91; the same using type B features are given in table 92. Tables 93 
and 94 summarise the actual and calculated herbicidal values derived 
from coefficients of type A and B features.
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5.4.4.5 discussion of results
Using type A features the most significant analysis result was from the
probit transformation of the average score value (F. . = 155.71, p
1 1 j
= 0.001). Average herbicidal score and arcsine transformation were
also highly significant (p = 0.001). Both data bases however
were of lesser significance; the log (mols/ha) was not
significant at the. p = 0.20 level and log (kg/ha) was only
significant at p = 0.20 but not at p = 0.05. The reason for the poor
performance of the latter analyses is not certain although it would
suggest that the use of a constant slope factor (S) in the calculation 
of the LC<.q levels is not valid for all compounds. Penetration and |
uptake factors may be far more important in some derivatives than u
others, leading to differences in the angle of the dosage response line.
Using type B features the significance of the average herbicidal score J
■ f?'
and its transformations was very good (p = < 0.001 )j the two log LC5q trans­
formations were noticeable better: log (kg/ha) being significant
at the 0.01 level'and log (M/ha) at the 0.20 level.
If we look at the results of the most significant analysis : the probit
transformation: the value of introducing type B features can be clearly 
seen. If the actual and calculated activity in the type A feature 
series are compared with those from the type B series the meta 
interaction response which appeared to cause the greatest deviation is 
noticeably reduced by the use of interaction features. Table 95 
summarises the largest of these deviations.
Table 95 Largest deviation values between actual and calculated
post-emergent activities for benzimidazole
Cpd
No.
Substituent
deviation (actual - obs.)
type A type B
3531 4,6-Cl 1.06 0.13
4342 4,6-Br 0.73 0.05
4925 4,6-1 -0.70 0.28
3048 4,7-Cl -0.75 -0.02
3534 4-N02,6-Cl 1.53 0.54
3946 4-Cl,6-N02 1.19 0.21
8589 4-Br,5,6-Cl 1.41 1.03
4069 4-N02,5,6-Cl 0.62 -0.75
5739 4,5,7-Br,6-Cl 0.94 0.40
If the activity coefficients are used as a general guide (table 92) to 
further synthesis, the trends in the positional coefficients from the 
probit transformed data (type B features), indicates that activity is 
enhanced by chloro or bromo substitution in the 4/7 position, and by 
chloro, bromo or nitro substitution in the 5 and 6 positions. Fluorine 
is of interest since it appears to have an ameliorating effect on 
herbicidal activity. That these activities are not wholly additive 
however is indicated by the negative influence of the interaction 
features, which would suggest that the optimum structure falls short of 
complete substitution. In particular ortho-nitro groups, meta-iodo, 
and para-chloro, bromo and nitro groups all reduce activity, whereas 
meta-fluoro has an enhancing influence which more than counter balances 
its positional effect. From these it might be expected therefore that 
maximum activity would be obtained with such compounds as the 4-C1,
6-F; 4-Cl,6-Br; 4-Br, 6-C1; A-Br-b-NO^ and 4 ,6-N02 derivatives.
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Table 98 Distibution and frequency of variations between
observed and predicted herbicidal activity of benzimidazole
% variation 
groups +
Probit trans log LC50 
kg/ha
in
'
n
type A 
cumul. % n
type B 
cumul. % n
type A 
cumul. % n
type B 
cumul. %
0-4.9 11 29 14 37 2 5 2 5
5.0-9.9 11 58 9 61 1 8 1 8
10.0-14.9 6 74 6 76 1 11 5 21
15.0-19.9 3 82 3 84 1 13 -
20.0-24.9 3 89 5 97 1 16
25.0-29.9 1 92 - 3 24 -
30.0-34.9 1 95 - 1 26 1 24
35.0-39.9 1 97 1 100 3 34 -
40.0-44.9 - -
45.0-49.9 - 1 37 -
50.0-54.9 1 100 - 3 45 2 29
>55.0 21 100 27 100
The value of these coefficients however is best studied by comparison 
with actual results. As in the previous studies the actual and 
predicted post-emergent herbicidal results for the second batch of 38 
benzimidazoles, using type A and B features, are summarised in tables 
96 and 97. Here the performance of the best set of coefficients from 
the probit transformations are compared with those derived from the 
log LC^q (kg/ha) data.
If we look at table 98, which summarises the distribution and frequency 
of the variations between actual and predicted responses, the accuracy 
of prediction appears to correlate, strongly with the 1F *. value of the 
appropriate Free-Wilson analysis. The best prediction is given by the 
probit transformation of the average score using type B features, with 
97% of the predictions being in the + 25% of actual range. Type A 
features were 89% within this limit. Only 16-21% of the predictions 
derived from the log LC,_q (kg/ha) data were within the + 25% 
accuracy band using type A features and 21-24% using type B.
It is encouraging to note from table 97 that the most active cbmpounds
deduceable from the first set of coefficients tend to be the most
active in practice, e.g. compounds 5876 (4-Cl,6-F), 5263 (4-Cl,6-Br), 
5086 (4-Br,6-Cl) and 4487 (4-Br,7-N02>.
5.4.5 Free Wilson analysis and the benzimidazoles: conclusions
The results described here indicate that the Free-Wilson model 
is a powerful tool for the prediction of activity of 
2-trifluoro^ethyl benzimidazoles. in the halo-nitro derivatives 
studied in depth; of which 666 different structures are possible; 79 
have been synthesised. The substituent activity coefficients derived 
from a near minimum size batch (33) of these, provides significant 
predictive clues for further synthesis to minimize acute mammalian 
toxicity and to maximise, herbicidal, insecticidal or acaricidal 
activity. The accuracy of the initially derived coefficients is 
improved by increasing the numbers of compounds used to generate them.
The results also indicate that although the simple Free-Wilson 
additive model can provide reasonably accurate predictions, even where 
non-additive effects are clearly operating, the modified model using 
simple interaction featuresjis significantly better. The choice of 
these interaction features was severly limited by constraints imposed 
by the program employed $nd a full definition of substituents and 
their interrelationships was not possible. However features which 
only defined the relative position of the named substituent to other 
undefined substituents,or only classified the interactions into broad 
categories,gave a predictive accuracy of between 80-97% at the + 25%
level, with appropriately transformed biological data. Transformation
of the data would appear to be a key factor in successful application 
of the Free-Wilson model to routine screening data. It was the 
intention of these studies only to use transformations which could be 
extracted directly from the computer master data tape,so that 
eventually the analyses could be carried out, automatically, on 
demand. Thus only transformations which were derivable directly from
the data bank were employed. Not unexpectedly log transformations of
the insecticide dose response data improves the fit,and this is 
further improved by applying a molar correction in the form of log 
1/C. For the herbicide analysis the probit correction gave the best 
result.
5.4.6 Application of Free-Wilson model to other series
5.4.6.1 oxime carbamate insecticides
i) To confirm the value of the Free-Wilson approach to
structure—activity prediction of insecticidal activity,and to increase 
experience with this technique*an analysis was carried out of a series 
of oxime carbamate insecticides of general structure:
where X = H or CH3 
Y = H or CH3
Z = -CH(CH3)2,-SCH(CH3)2, -SCH2CH(CH3)2, 
-SC(CH3)3, sc6h u , sch2c6h5 ,
-C6HU , or -(4-CI-C5H4 ).
N OCON
N
The total number of possible compounds is 32 of which 20 had been 
made. The analysis was carried out with this series for two reasons. 
Firstly it was of interest to know whether the most active compound 
had actually been made. Secondly as rn vitro as well as fn vivo
measurements had been made,it was of interest to see whether the in
vitro results gave more significant coefficients than the less precise 
in vivo data.
ii) The analysis was carried out in two stages. In the first
stage 12 compounds were selected which possessed all of the structural 
variables; this being the minimum number acceptable for the solution 
of the Free-Wilson equations. In the second, all 20 compounds were
included. The first analysis was carried out to determine how
accurate a prediction could be made of the remaining 8 ; for which data 
was available; in order to add weight to any predictions of the 
activity of the unmade 12.
iii) The structure matrix and biological data submitted to the 
analysis of all 20 compounds are given in table 99.
The rn vitro insecticidal data was obtained by the technique of Wright 
e£ aJL (1977) except that activity is expressed as the concentration 
fyjM) required to produce 50% inhibition of housefly, Musca domestica, 
microsomes in 10 minutes, rather than the time taken to reach 50% 
inhibition at a given concentration.
Since the series was primarily of interest as aphicides the _^n vivo 
response used was the contact toxicity to the bean aphid, Megoura
viciae, expressed as the concentration in ppm giving 50% kill in 24 
hours. This was analysed in the log transformation, uncorrected for 
molecular weight, and as a log 1/C, where C was:
LC5Q in ppm of compound 
C = mol. wt x 1000
iv) The activity coefficients obtained with the first 12 compounds
are given in table 100. All three sets of data gave good correlations 
and were significant at the 99% level. A small increase in 
significance was obtained by using the log 1/C transformation as 
compared with log Both in vivo data sets, surprisingly, gave a
more significant solution to the Free-Wilson model than the in vitro 
data.
r NA s1 M e
x A  V ' - C - N O C O N T  
Table 99 Oxime Carbamate : Data Matrix. S NY
Table
No.
Cpd
No.
X Y Z Mol. 
wt.
)
Log 
150 
in pm
Log 
Aphid 
LC50 
in ppm
Log
1/C
H Me H Me A B C D E F G
a,
H
1 18875 1 • 1 . 1 289 -2.450 0.300 5.16
2 18970 1 • - 1 1 298 -0.488 3.000 2.47
3 18971 . 1 1 1 312 -1.284 3.000 2.49
4 19347 1 • . 243 0.580 0.700 4.69
5 19463 • 1 1 275 -2.744 1.300 4.14
6 19464 • 1 1 289 -2.638 1.300 4.16
7 19735 1 . • 289 -2.070 1.875 3.59
8 19866 • 1 1 1 323 -1.939 3.000 2.51
9 19902 • 1 . 1 338 -1.347 2.300 3.23
10 19972 1 . 1 1 . 301 -2.398 3.000 2.48
11 20008 • 1 1 1 . 316 -2.602 3.000 2.50
12 20168 1 • 1 . 1 • • 269 -1.678 2.300 3.13
13 19348 1 1 1 . • • 243 -0.886 1.300 4.09
14 19376 1 • • 1 • « 232 -2.638 0.700 4.67
15 19765 • 1 1 . 275 -2.155 1.300 4.14
16 19806 • 1 1 1 . 289 -2.097 1.300 4.16
17 19807 1 . 1 1 . 303 -2.260 1.300 4.18
18 19901 1 • . 1 • . 1 323 -1.469 3.000 2.51
19 19924 1 • 1 . • • 1 309 -1.523 2.300 3.19
20 19973 1 • • 1 • • 1 • 316 -2.670 2.300 3.20
a) Note A = ^Pr
B = cyclohexyl 
C = SjPr 
D = S{Bu 
E = StBu 
F = S Cyclohexyl 
G = S CH2Ph 
H = p-Cl-Ph
Table 100 Insecticidal activity coefficients of oxime 
carbamates: from 12 compounds.
N OCON
Substituent
Insecticidal activity 
Coefficients from:
i) Log I50 in 
pm
2) Log LC50 
in ppm
3) Log 1/C 
(mols)
X H 0.16 (0.16) -0.03 (0.04) 0.02 (0.04)
CH3 -0.16 (0.16) 0.03 (0.04) -0.02 (0.04)
Y H -0.08 (0.13) 0.27 (0.04) -0.28 (0.04)
ch3 0.15 (0.26) -0.55 (0.07) 0.56 (0.07)
Z iC3H7 2.02 (0.42) -0.81 (0 .11) 0.73 (0.11)
Cyclohexyl -0.01 (0.41) -0.03 (0.11) 0.01 (0 .11)
~sic3H7 -0.75 (0.38) -1.09 (0.10) 1.06 (0 .10)
-S^C^Hg -0.63 (0.42) 0.36 (0.11) -0.37 (0.11)
-StC^Hg -0.83 (0.24) -1.15 (0.06) 1.14 (0.06)
S-Cyclohexyl -0.67 (0.26) 0.64 (0.07) -0.61 (0.07)
S-CH2Ph 0.23 (0.30) 0.67 (0.08) -0.63 (0.08)
-(p-Cl-Ph) 0.95 (0.26) 0.64 (0.07) -0.62 (0.07)
skeletal contribution -1.75 (0.11) 2.09 (0.03) 3.38 (0.03)
n = 15 15 15
s = 0.354 0.095 0.094
r = 0.997 0.9998 0.9999
F13,2 29.20 538.78 1257.85
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v) The substituents which contribute most towards in vitro and in
vivo activity can be deduced from the results presented in table 100. 
These are listed in descending order of activity in table 102.
Table 102 Substituents of oxime carbamates in activity order
Substituent log I50 b) 
data
Substituent log LC50 a > b> 
data
X ch3 -0.16 H -0.03
H 0.16 ch3 0.03
Y H -0.08 ch3 -0.55
ch3 0.15 H 0.27
Z -Sj-C^Hg -0.83 “StC^Hg -1.15
-SiC3H7 -0.75 -SiC3H7 -1.09
-S-cyclohexyl -0.67 ic3H7 -0.81 !
-S^C^Hg -0.63 cyclohexyl -0.03 1
eyelohexy1 -0.01 0.36
S-CH2Ph 0.23 S-cyclohexy1 0.64
p-Cl-Ph 0.95 p-Cl-Ph 0.64
ic3H7 2.02 S-CH2“Ph 0.67
a) Log 1/C data omitted as these give the same ratings.
b) negative values increase activity and vice versa.
Several interesting points arise from table 102. Firstly the results 
indicate that substituents in the 'X1 and 'Y' positions have 
considerably less influence on activity than those on the *Z * 
position. Secondly the effects of the hydrogen versus methyl 
substituents on in vitro activity are totally reversed in vivo. The 
reasons for this can only be conjectured but it would seem probable 
that the stability of the monomethyl carbamate is insufficient in vivo 
for it to show its full potential whilst methylation of the thiazole 
ring may reduce the rate of penetration into the intact insect. Of the 
substituents in the 1Z ' position, in both tests the i-butyl— thio and
features. The influence of the i-propyl group is most interesting 
since in vitro, in the one example submitted, it had a significant 
depressant effect whilst jjn vivo it was only marginally less active 
than the two previously mentioned alkylthio substituents. The 
thio-benzyl and p-chlorophenyl substituents,in both tests,were 
depressant.
vi) Using the coefficients listed in table 100 predictively, the
activity of the remaining 8 compounds, not submitted to the first 
analysis, was calculated; both for their in vivo and Jji vitro 
response. These predicted activities are given in table 103. In the 
in vitro predictions the predicted and actual performances for all 
except the i-propyl derivative (19348) are in good agreement. The 
i-propyl derivative is, in this instance, considerably more active than 
would be expected. This would indicate that the result for one of the 
derivatives is incorrect,or an interaction effect exists between the 
i-propyl substituent and the carbamyl groups, or possibly the presence 
of a methyl group in the thiazolyl ring has an activating effect. The 
result also underlines the need to obtain, wherever possible, two or 
more examples of any substituent in the structure matrix. If the 
percentage variance is calculated (table 104) it is apparent that 7 out
t*.
of the 8 compounds are within + 25% of predicted^/activity. The 
performance in vivo was less close to prediction. All three 
i-butylthio derivatives (19765, 19806, and 19807) were less active 
than predicted, which would suggest that the value for this coefficient 
is not as great as it should be from the initial analysis; i.e. 
it should be more in line with the in vitro prediction. From the
312.
Table 103 Actual and predicted insecticidal activity of 8 oxime
carbamates; not included in first analysis; using first 
analysis coefficients.
Cpd
No.
Log I50 Log Aphid 
lc50
Log 1/C
actual predict diff. actual predict diff. actual predict diff.
19348 -0.89 0.03 0.91 1.30 1.58 -0.28 4.09 3.81 0.28
19376 -2.63 -2.19 0.44 0.70 0.42 0.28 4.67 5.02 -0.35
19765 -2.12 -2.30 -0.18 1.30 2.69 -1.39 4.14 2.75 1.39
19806 -2.10 -2.62 -0.52 1.30 2.75 -1.45 4.16 2.71 1.45
19807 -2.26 -2.39 -0.13 1.30 1.93 -0.63 4.18 3.55 0.63
19901 -1.47 - 1.21 0.26 3.00 2.18 0.82 2.51 3.33 -0.82
19924 -1.52 -1.44 0.08 2.30 3.00 -0.70 3.19 2.49 0.70
19973 -2.67 -2.11 0.56 2.30 2.15 0.15 3.20 3.35 -0.15
Table 104 % variance of prediction
Cpd No.
% variance
Log I50 Log LC50 Log 1/C
19348 -102.0 21.5 -6.8
19376 -16.7 -40.0 7.5
19765 8.5 106.9 -33.6
19806 24.8 111.5 -34.8
19807 5.8 48.5 -15.1
19901 -17.7 -27.3 32.7
19924 -5.2 30.4 -21.9
19973 -20.9 -6.5 4.7
313,
percentage variance data it would appear that the log 1/C data is the 
most accurate of the biological transformations with all compounds 
being within + 35% of the predicted value.
vii) The activity coefficients derived from all 20 compounds 
prepared in the series are listed in table 105. Again the 1F ' ratios 
of all three sets of data (Fi3 >io = 55.62, 46.22 and 139.20 
respectively) indicate a high level of significance (p -=<0.001) and 
the actual and calculated values for the compounds (table 106) are in 
good agreement.
The relative contributions of the hydrogen or methyl groups in the 'X1 
and *Y ' position are unchanged from that indicated in the first 
analysis. In the 1Z' position the relative activities of the 
thio-alkyl groups in the in vitro response are slightly altered but 
this is of doubtful significance since the i-propyl-thio, i-butyl-thio, 
t-butyl-thio and cyclohexyl-thio substituents are still clearly the 
most active groups. The i-propyl substituent is still depressant. In 
the in vivo tests the i-butyl substituent is now included as one of the 
activating substituentstbut the t-butyl-thio, i-propyl-thio and 
i-propyl groups still remain the most activating features. The benzyl 
and chlorphenyl remain the most depressant.
314
Table 105 Insecticidal activity coefficients of oxime carbamates: 
from 20 compounds.
Substituents Insecticidal activity coefficients 
from
1) Log I50 
in urn
2) Log LC50 
in ppm
3) Log 1/C
X: H 0.13 (0.08) -0.06 (0.08) 0.05 (0.09)
ch3 -0.14 (0.09) 0.07 (0 .11) -0.06 (0.11)
Y: " H " -0.05 (0.07) 0.10 (0.08) -0.11 (0.08)
ch3 0.08 (0.11) -0.15 (0.12) 0.16 (0 .12)
Z: iC3H7 1.69 (0.22) -0.91 (0.26) 0.83 (0.26)
cyclohexyl 0.09 (0.35) 0.33 (0.40) -0.34 (0.40)
-SiC3H7 -0.85 (0.22) -0.91 (0.26) 0.85 (0.26)
-0.31 (0.15) -0.47 (0.17) 0.46 (0.17)
-StC4H9 -0.71 (0.23) -1.11 (0.26) 1.10 (0.26)
-S cyclohexyl -0.74 (0.18) 0.84 (0.21) -0.80 (0 .21)
-S-CH2 Ph 0.27 (0.15) 0.74 (0.17) -0.70 (0.17)
-(p-Cl-Ph) 1.02 (0.23) 0.96 (0.27) -0.94 (0.27)
skeletal contribution -1.84 (0.08) 1.93 (0.09) .3.53 (0.09)
n = 23 23 23
s = 0.333 0.383 0.381
r = 0.993 0.992 0.997
F13,10 55.62 46.22 139.30
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viii) On the basis of these two analyses it seems reasonable to 
predict that as far as vn vivo activity is concerned the most active 
compounds should be expected in this oxime carbamate series where:
X 
Y 
Z
All four of these compounds have been made: i.e. 19347, 19376, 19735 
and 18875. Of these 18875 is the most active, in fact, and by 
prediction. This result could have been predicted from the data from 
the original 12 compounds, as well as the other two active compounds, 
e.g. 19347 and 19376. Thus the application of a Free-Wilson analysis 
to this series could have rendered the preparation of the second set 
of 8 compounds needless and certainly indicates that none of the 
remaining 12 unprepared compounds is worth synthesis.
= H 
= CH,
= i-C0H_, S.C_H_, S.C.H_ and 
3 7 i 3 7 ’ i 4 7
StC4«9
5.4.6.2 An application of the Free-Wilson model to a series of urea
herbicides
i) During the course of the investigation of the herbicidal 
activity of a series of ureas, of general structure:
Ri 0 R3\ i /3
N N CNHCH=C
/ \R2 X
39 compounds were made in which:
Rj = H, Me or Et.
r2 — Me, Et, iBu, tBu ,nCgH^3 ^ C g H ^ ,
nc10H21> CH2CH2OEt, cyclo C5H10, cyclo CgHi2 , 
phenyl.
R3 = CN, C02Me, C02Et, C02Pr, C02iPr, C02Bu,C02NMe2.
R4 = CN, C02Me, C02Et.
There are in all 882 possible combinations of these 27 substituents 
and it was necessary to know whether the most active compounds had 
already been made or whether further synthesis was justified.
ii) The Free-Wilson structure matrix for the 39 prepared
compounds is summarised in table 107. No interaction features were 
employed. The herbicidal data is given in table 108. In this 
investigation the main interest was the pre-emergent response and^in 
particular,whether there was any potentially selective difference 
between the toxicity to the dicotyledonous species: peas, mustard and 
linseed: and the monocotyledonous species: ryegrass, oats and maize: 
i.e. whether there was any promise in the series for the control of
broadleaf weeds in a cereal crop. In order to detect any differential
response the two groups of species are treated independently in the 
activity table. The results analysed were:
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a) average pre-eraergent scores at 11.2 kg/ha (standardisation to 11.2 
kg/ha was carried out by using equation 5.4.2).
b) probit transformation of a).
c) log LCtjQ kg/ha (from equation 5.4.3).
d) log in M/ha (from equation 5.4.4).
iii) The slope constant(s) for equations 5.4.2/3 and 4 was 
calculated from data presented in table 109.
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Table 107 Data Matrix for ureaa
R. 0 Rj
\ *  /H-CNHCH-C
/  \
R ( Rt
T a b le
N o.
Cpd
No.
R1
o +> 
x  e u
R2
GCNR
X C X 
O (_) o o 
I. 3  3 iD CD O  Q..T
u  a  D m m u u c j  * * > . > .  x: E  u  a  - (  m ~-i *> c  c  C L J o u n .
R3
CmU ffi
a  u  o. 3  E  
E  ui  a  -h o  ^
CM CM CM CM CM CMr r  o  o  o  a  o  a  
o  t_> u  O L> <_> <_>
R4
a
E  LJ 
CM CM X  O Oo  u  u
1 10821 1 1 1
2 10349 1 1 1
3 10350 1 1 1 1
4 10823 1 1 1
5 10361 1 1 1 1
6 10862 1 1 1 1
7 10348 1 1 1 1
8 10752 1 1
9 10751 1 1 1 1
10 10413 1 1 1 1
11 12682 1 1 1
12 10753 1 1 1 1
13 10864 1 1 1 1
14 21977 1 1 1 1
15 23245 1 1 1
16 22150 1 1 1
17 23156 1 1 1 1
18 22151 1 1 1
19 23420 1 1 1 1
20 23762 1 1 1 1
21 23604 1 1 1 1
22 23111 1 1 1 1
23 23538 1 1 1 1
24 23605 1 1 1 1
25 23606 1 1 1 1
26 22367 1 1 1
27 12757 1 1 1
28 2341 9 1 1 1
29 23110 1 1 1 1
30 12597 1 1 1 1
31 23421 1 1 1 1
32 23507 1 1 1 1
33 1 2629 1 1 1 1
34 23418 1 1 1 1
35 22361 1 I 1 1
36 23214 1 1 1 1
37 2 3746 1 1 1 1
38 71976 1 1 1 1
39 23370 1 1 1 1
Table 108
b) c) d) e)
Herb. Av Score* standard­ Probi t log LC50 Log LC50
Table Cpd Hoi (core* at 11.2 ised to 11.2 Iran* kg/ha M/ha
No. N o . v t . kg/ha as Z kg/ha of Av 1
dicots mono dicots b o  no dicota mono dicots too no dicota so no
1 10821 178 11.5 9.8 11.5 9.8 3.800 3.707 2.225 2.071 2.976 2.820
2 10369 192 62. 3* 26.8* 36.1 5.9 6.590 3.637 1.651 2.286 2.167 3.000
3 10350 192 26.6* 3.3* 8.0 0.3 3.595 2.252 2.626 3.220 3.163 3.937
6 10823 192 88.2* 62.0* 68.1 28.1 5.670 6.620 0.587 1.507 1.300 2.226
5 10361 220 0.0* 0.0* 0.0 0.0 1.900 1.900 6.087 3.698 6.766 6.156
6 10862 268 7.3* 5.0* 1.5 0.5 2.830 2.626 3.176 3.086 3.781 3.690
7 10368 276 0.0* 0.0* 0.0 0.0 1.900 1.900 6.087 3.698 6.666 6.057
8 10752 206 33.0 21.1 33.0 21.1 6.560 6.197 1.680 1.683 2.170 2.376
9 10751 218 11.3 7.3 11.3 7.3 3.789 3.566 2.236 2.198 2.896 2.859
10 10613 212 o.o*) o.o*) 0.0 0.0 1.900 1.900 6.087 3.698 6.760 6.172
11 12682 208 5.0+ 7.3+ 0.9 1.0 2.636 2.676 3.368 2.887 6.050 3.569
12 10753 166 23.8* 11.3* 7.6 1.8 3.568 2.903 2.653 2.706 3.238 3.691
13 10866 192 28.8 7.3 28.8 7.3 6.661 3.566 1.597 2.198 2.316 2.915
16 21977 183 62.0 28.8 62.0 28.8 5.306 6.661 0.769 1.691 1.687 2.228
15 23265 196 78.0 52.0 78.0 52.0 5.772 5.050 0.293 1.009 1.000 1.717
16 22150 211 88.2 88.2 88.2 88.2 6.185 6.185 -0.112 0.113 0.566 0.789
17 23156 211 86.0 67.0 86.0 67.0 5.996 5.660 0.075 0.701 0.751 1.377
18 22151 225 88.2 76.3 88.2 76.3 6.185 5.716 -0.112 0.686 0.535 1.131
19 23620 212 67.0 59.3 67.0 59.3 5.660 5.260 0.618 0.860 1.292 1.533
20 23762 197 29.8 o.o*) 29.8 0.0 6.670 1.900 1.569 3.698 2.276 6.203
21 23606 211 75.3 67.8 75.3 67.8 5.686 6.969 0.379 1.089 1.055 1.765
22 23111 225 86.0 76.2 86.0 76.2 5.995 5.713 0.076 0.686 0.722 1.133
23 23538 239 81.3 72.0 81.3 72.0 5.889 5.583 0.178 0.589 0.799 1.210
26 23606 239 88.2 65.3 88.2 65.3 6.185 5.393 -0.112 0.739 0.509 1.360
25 23606 253 65.5 67.0 65.5 67.0 5.399 6.925 0.658 1.108 1.255 1.705
26 22367 225 5.6* 11.3+ 1.0 1.8 2.676 2.903 3.329 2.706 3.977 3.356
27 12757 239 70.7 62.2 70.7 62.2 5.565 6.803 0.515 1.205 1.137 1.826
28 23619 253 68.0 67.0 68.0 62.0 5.667 6.768 0.592 1.209 1.188 1.806
29 23110 267 56.3 16.0 56.3 16.0 5.159 3.919 0.893 1.903 1.667 2.677
30 12597 239 92.2 69.5 92.2 69.5 6.619 5.510 -0.361 0.666 0.280 1.268
31 23621 253 86.0 67.0 86.0 67.0 5.995 5.660 0.076 0.702 0.670 1.298
32 23507 267 79.0 30.5 79.0 30.5 5.806 6.690 0.259 1.652 0.832 2.026
33 12629 255 60.5 23.7 60.5 23.2 6.760 6.268 1 .786 1 .627 1.679 2.271
36 23618 265 22.3 5.7 22.3 5.7 6.238 3.620 1.796 2.297 2.607 2.908
35 22361 259 69.5 19.7 69.5 19.7 6.988 6 .16 P. 1.060 1.722 1.668 2.309
36 23216 273 58.7 11.5 58.7 11.5 5.270 3.800 0.836 1.997 1.397 2.561
37 23266 287 33.7 0.0*' 33.7 0.0 6.579 1.900 1.662 3.698 2.006 6.060
38 21976 216 19.7 1.7 19.7 1.7 6.168 2.880 1.886 2.726 2.550 3.389
39 23370 230 17.2 33.0 17.2 33.0 6.056 6.560 1.976 1.397 2.615 2.035
H o t e a I ♦ reiult* at 56.0 kg/ha, not tented at 11.2 kg/ha.
a) compound not tested at 56.0 kg/ha.
b) »tandardI*ed 2 obtained by formula 5.A . 2.
c) all rcro value* are allocated the probit of 1.900 (■ 0.1X) 
to avoid undue distortion.
d) calculated according to formula 5.6.3,
e) c a l c u l a t e d  A c c o r d i n g  to loramla 5.6.6.
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Table 109 Calculation of slope constant(s) for urea series
Cpd No. Herbicidal score as %
’
dicots monocots
11.2 kg/ha 56.0 kg/ha 11.2 kg/ha 56.0 kg/ha
10821 11.5 73.0 9.8 58.6
10752 33.0 60.7 21.1 30.3
10751 11.3 50.5 7.3 29.5
10864 28.8 74.8 7.3 51.6
21977 62.0 85.5 28.8 78.6
22151 88.2 91.5 76.3 91.5
23111 84.0 91.5 76.2 88.1
12757 70.7 79.0 42.2 78.6
22361 49.5 79.0 19.7 64.5
23214 58.7 74.8 11.5 69.5
Total 497.7 760.3 300.2 641.1
Average 49.77 76.03 30.02 64.11
Note: a) = average score for 3 dicots (peas, mustard and linseed) and 3
monocots (barley, ryegrass and maize) obtained by transformation 
of computer scores to % values.
Average slope constant:
a) dicotyledons = 1.748 - 1.049 = 0.980
5.7063-4.9925
b) monocotyledons= 1.748 - 1.049 = 0.790
5.3611- 474762
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iv) The Free-Wilson coefficients for each of the four different 
data transformations of herbicidal activity for monocotyledons and 
dicotyledons are given in table 110. For brevity only the actual and 
calculated activities of the 39 compounds submitted, using the probit 
transformation of the average score, are summarised in table 111.
v) From the results summarised in table 110, the significance of 
the analyses of activity against the dicotyledons would appear to be 
generally better than those against the monocotyledons. This may be a 
reflection of a less erratic reaction by the dicotyledons,or the 
greater difficulty in assessing accurately the herbicidal score with 
the monocotyledons. From experience one would tend to suspect the 
latter. Considering the dicotyledons, although the results of the 
analysis of the non-transformed scores were good (F_0 .c = 38.37; p2o,1 j
= ^ 0 .001), they were significantly improved by probit transformation 
(F„0 i r = 133.73). The log data were only marginally less2o,Ij jU
significant and both forms gave highly significant analyses (kg/ha,
F0o = 20.11; M/ha, F_0 .c = 33.54). This trend follows a 2o, 13 2o , 1 _>
similar pattern to that observed in the benzimidazoles (tables 91 and 
92) except that the log data is more significant here.
The picture emerging from a comparison of the monocotyledon results is 
similar, except for the lower levels of significance (all still with 
p = ^ 0.001 however).
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Table 111 Actual and calculated pre-emergent activity of urea
series
Probit trans . of av. score at 11.2 kg/h a
Table Cpd dicotyledons monocotyledons
No. No. actual calc. diff. actual calc. diff.
1 10821 3.80 3.80 0.00 3.71 3.71 0.00
2 10349 4.59 4.15 0.44 3.44 3.65 -0.21
3 10350 3.59 3.59 0.00 2.25 2.25 0.00
4 10823 5.47 5.16 0.31 4.42 4.37 0.05
5 10361 1.90 1.90 0.00 1.90 1.90 0.00
6 10862 2.83 2.83 0.00 2.42 2.42 0.00
7 10348 1.90 1.90 0.00 1.90 1.90 0.00
8 10752 4.56 4.56 0.00 4.20 4.20 0.00
9 10751 3.79 4.03 -0.24 3.55 3.04 0.51
10 10413 1.90 1.90 0.00 1.90 1.90 0.00
11 12682 2.63 3.14 -0.51 2.67 3.00 -0.33
12 10753 3.57 3.57 0.00 2.90 2.90 0.00
13 10864 4.44 4.44 0.00 3.55 3.55 0.00
14 21977 5.31 4.81 0.50 4.44 4.17 0.27
15 23245 5.77 6.30 -0.53 5.05 5.87 -0.82
16 22150 6.19 6.34 -0.15 6.19 6.07 0.12
17 23156 5.99 5.99 0.00 5.44 5.44 0.00
18 22151 6.19 6.00 0.19 5.72 5.27 0.45
19 23420 5.44 5.44 0.00 5.24 5.24 0.00
20 23762 4.47 4.46 0.01 1.90 3.35 -1.45
21 23604 5.68 5.95 -0.27 4.94 5.06 -0.12
22 23111 5.99 5.98 0.01 5.71 5.26 0.45
23 23538 5.89 5.64 0.25 5.58 4 .46 1.12
24 23604 6.19 5.97 0.22 5.39 5.56 -0.17
25 23606 5.40 5.62 -0.22 4.92 4.76 0.16
26 22367 2.67 3.77 - 1.10 2.90 2.87 0.03
27 12757 5.54 5.26 0.28 4.80 4.58 0.22
28 23419 5.47 5.29 0.18 4.80 4.77 0.03
29 23110 5.16 4.96 0.20 3.92 3.98 -0.06
30 12597 6.42 6.27 0.15 5.51 5.30 0.21
31 23421 5.99 6.30 -0.31 5.44 5.49 -0.05
32 23507 5.81 5.96 -0.15 4.49 4.69 -0.20
33 12629 4.76 4,25 0.51 A.27 3.93 0.34
34 23418 4.24 3.65 0.59 3.42 2.26 1.16
35 22361 4.99 5.14 -0.15 4.16 3.97 0.18
36 23214 5.22 5.17 0.05 3.80 4.17 -0.37
37 23246 4.58 4.83 -0.25 1.90 3.36 -1.46
38 21976 4.15 4.15 0.00 2.88 2.88 0.00
39 23370 4.05 4.05 0.00 4.56 4.56 0.00
vi) Using the results of the analysis predictively, it would seem
that although the level of significance of the analyses vary they
all present much the same picture of the relative, rather than
absolute, power 0f £he substituents to increase or decrease the
pre-emergent herbicidal response. Taking the activity against
dicotyledons it would seem that substitution of the hydrogen in
by an alkyl group significantly reduces the herbicidal response; with
a methyl substitution being more inactivating than an ethyl. In the
position the largest positive effects come from a methyl or
t-butyl substitution, followed closely by ethyl and propyl
substitution. The largest negative effects come from phenyl or higher
alkyl substitution (nC,H1<3, nC0H.^ and nCinH_.). The
— o U  — o I / — IU ZI |
5 t
mid-range alkyls (i-C^H^, an<  ^^ 4^9  ^ anc* cyclohexyl ; |
are also moderately depressant in their effects, as is also the 
ethoxyethyl. The cyclopentyl substituent is borderline in its 
influence being slightly negative in all analyses except the probit ,
‘B
transformation,1 where is is slightly positive. \\
' ' 1
In the R^ position the most active substituents are the propyl and 
ethyl cnrboxy esters. The i-propyl and butyl carboxy esters are of 
moderate activity. The methyl carboxy ester is significantly 
inactivating as is also the nitrile and dimethyl carbamate.
In the R^ position further alkyl carboxy ester substitution is 
significantly deactivating. The nitrile has little effect.
From these considerations it can be postulated with a reasonable 
degree of confidence that the most likely active combinations of all 
the possible 882 variants of this series are where:
= Me, tBu, Et
R3 = C02Pr, CO Et
R = CN 
4
Of the total number of compounds possessing these configurations (6 ) 
all have already been made in the first 395 —
22150 (Me, C02Pr)
23245 (Me, CO^t)
23421 (tBu, C0 2Pr)
12597 (tBu, C02Et)
23111 (Et, C02Pr)
23604 (Et, C02Et)
From this evidence there seems to be little grounds for synthesising 
any further compounds for activity against the dicotyledons.
If the monocotyledons are considered the same general conclusions 
apply. Certainly although the t-butyl group in the R2 position is 
slightly less active against the monocotyledons than the dicotyledons  ^
there is no reason to believe that it would confer any selective 
advantages >to enable the t-butyl derivatives to be used in cereal 
crops for control of broadleaf weeds.
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5.4.6.3 oxindole fungicides
i) introduction
Fungicide tests with a series of oxindoles of general structure:
W
indicated that they possessed promising foliar protectant properties, 
particularly for the control of the phycomycete diseases, potato blight, 
Phytophthora infestans, and vine downy mildew, Plasmopara viticola. Of 
particular activity were compounds where X was a dichlororaethylene group. 
Thirty-eight compounds were made in which the variations in the four positions 
indicated (W, X^Y and Z) were : —
W: H, methyl, ethyl, propyl, butyl or dichloroacyl.
X: chloromethylene, dichloromethylene or dibromomethylene.
Y: H, methyl, fluorine, chlorine or bromine.
Z: H, methyl, chlorine or bromine.
In all there are 360 possible combinations of these substituents,and it was 
necessary to know whether all the potentially most active combinations had 
been prepared in the initial 38 synthesised.
ii; experimental
The biological parameter used in the Free-Wilson model was the 
percentage disease control of P. infestans on potatoes in the standard 
protectant test. Details of the technique are given in section 
2.2.5.4 and Appendix I. For the analysis the computer stored 
protectant scores (0-8 ) were transformed back to percentage controls 
as follows:
Score code % control 
band
retransformed 
% control
0 0-19 10
1 20-34 27
2 35-44 35
3 45-54 50
4 55-64 60
5 65-74 70
6 75-84 80
7 85-94 90
8 >94 98
The activity against P. infestans was then calculated for each 
compound by plotting the retransformed percentages on log-probit 
analysis paper,and obtaining an in ppm visually from a line of
best fit. For the model this L C ^  level was employed,untransformed, 
and as log 1/C; where C is the level in M/1.
The structure matrix and biological data for the oxindoles is 
summarised in tables 112 and 113. In this analysis only 28 of the 
compounds were used to produce the coefficients;the remaining 10 were 
withheld to check the predictive accuracy.
No interaction features were included in the structure matrix.
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Table 113 molecular weights and fungicidal activity of oxindoles
Table
No.
Cpd . 
No.
Mol.
wt.
LC50 in 
ppm
log 1/C
1 . 19063 242 50 3.685
2 17820 194 1000 2.288
3 18085 228 2.5 4.960
4 19501 263 85 3.491
5 23433 263 3500 1.876
6 21220 331 800 2.617
7 21944 351 3500 2.001
8 23015 396 2000 2.297
9 23192 246 50 3.692
10 24122 317 2000 2.200
11 21218 256 750 2.533
12 21023 277 • 50 3.744
13 22910 322 250 3.109
14 17821 208 1000 + 2.318
15 23076 256 30 3.931
16 23077 270 170 3.201
17 19062 339 150 3.354
18 23529 339 500 2.831
19 24061 404 2000 + 2.305
20 18817 404 18 4.351
21 18818 343 85 3.605
22 17817 259 180 3.158
23 17885 215 2.5 4.934
24 19209 228 125 3.261
25 23587 228 70 3.513
26 19476 248 2.5 4.997
27 23275 305 10 4.484
28 24062 293 3500 + 1.923
Note + the values are estimates because the compounds were phytotoxic at 
rates above 300 ppm.
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iii) results
The Free-Wilson activity coefficients for the oxindoles are shown in table 114 
and the actual and calculated values in table 115.
table 114 Activity coefficients of oxindoles
Substituent From LC50 a) 
in ppm
From Log 1/C
w- Me 265.53 (281.12) -0.176 (0.200)
Et 168.48 (499.57) -0.510 (0.356)
Pr 169.07 (1062.48) -0.692 (0.758)
Bu 309.07 (1062.48) -1.422 (0.758)
cochci2 -123.97 (452.66) 0.199 (0.322)
H -455.36 (339.26) 0.702 (0.242)
X CC12 -276.62 (137.47) 0.347 (0.098)
CHC1 511.55 (630.76) -1.451 (0.450)
CBr2 1068.59 (523.24) -0.732 (0.373)
Y Me 63.84 (462.30) -0.818 (0.330)
Cl 512.00 (606.45) -0.390 (0.432)
Br 96.90 (491.72) -0.221 (0.350)
F -21.35 (755.21) -0.479 (0.539)
H -157.15 (286.21) 0.507 (0.204)
Z Me 227.00 (790.48) -1.370 (0.563)
Cl 1498,49 (773.35) -0.919 (0.552)
Br 2256.92 (661.62) -2.191 (0.472)
H -486.75 (172.02) 0.531 (0.122)
Skeletal contrib 781.44 (194.63) 3.238 (0.139)
n= 32 32
s = 963.38 0.687
r= 0.877 0.990
F13,19= 2.29 34.68
Note a) negative values indicate substituents which increase activity
b) " " " " " decrease
Table 115 Actual and calculated fungicidal activity of
oxindoles
Table
No.
Cpd • 
No. actual
log 1/C 
calc diff.
1 19063 3.685 3.122 0.563
2 17820 2.288 2.650 -0.362
3 18085 4.960 4.448 0.512
4 19051 3.491 3.550 -0.059
5 23433 1.876 2.998 - 1.122
6 21220 2.617 2.043 0.574
7 21944 2.001 2.471 -0.470
8 23015 2.297 2.639 . -0.342
9 23192 3.692 3.461 0.231
10 24122 2.200 1.725 0.475
11 21218 2.533 2.788 -0.255
12 21023 3.744 3.216 0.528
13 22910 3.109 3.384 -0.275
14 17821 2.318 2.316 0.002
15 23076 3.931 3.931 0.000
16 23077 3.201 3.201 0.000
17 19062 3.354 3.497 -0.143
18 23529 2.831 2.921 -0.090
19 24061 2.305 2.100 0.205
20 18817 4.351 4.093 0.258
21 18818 3.605 3.834 -0.231
22 17817 3.158 2.798 0.360
23 17885 4.934 5.325 -0.391
24 19209 3.261 4.000 -0.739
25 23587 3.513 3.423 0.090
26 19476 4.997 3.875 1.122
27 23275 4.484 4.246 0.238
28 24062 1.923 2.603 -0.680
iv) discussion
As in the previous analyses the most significant result was obtained 
with the log 1/C transformation of the data, the 1F 1 value indicating 
that it was significant at 99.9% (p =<0.001). The untransformed 
results were only significant at the 80% level (p = 0.2). This was 
reflected in the closer agreement between actual and calculated values 
of the log 1/C data (table 115).
Taking the more significant coefficients, derived from the log 1/C 
results, it would appear that in the 1-position (W) of the indole 
system, of the substituents described here, hydrogen would appear to 
be the most effective. Alkyl substitution decreases activity and this 
increases with carbon number from C^ to C^. The chloroacyl group 
has a modest enhancing effect.
In the 3-position (X) , chloromethylene reduces activity very 
significantly ,and dichloromethylene enhances it. Surprisingly the 
dibromomethylene also decreases activity.
In the 5-position (Y) all the halo substitutions decreased activity, 
in the order F>Cl>Br. The methyl substitution is most deactivating. 
Similarly in the 6-position (Z) halo and methyl substitution decreased 
activity. Here the bromine substitution was more deactivating than 
the chlorine.
On the basis of the coefficient values (table 114),the predicted most 
active compound would be where the 1, 5 and 6 positions are 
unsubstituted,and the 3 position has a dichlororaethylene substitution 
i.e. compound 17885. This is indeed one of the most active 
compounds. Compounds with a methyl (18085) or chloroacyl (17 738: see 
table 116) would also be expected to be amongst the most active, and 
are.
A reasonable degree of confidence can be placed in these predictions 
since the predicted activities of the ten compounds,not included in 
the model ,all appear to be within 20% of the actual levels (table 116).
v) conclusions
The results of the Free-Wilson analysis of 38 indoles 
indicate that none of the remaining 322 unsynthesised derivatives 
would appear to be of potential interest for the control of P. 
infestans.
As in previous examples the log 1/C transformation of the 
biological data gives the superior performance in the Free-Wilson 
model.
Table 116 Predicted activity of oxindoles
Table
No.
Cpd
No. w
substituents 
X : Y Z actual
log 1/C 
predicted diff % var.
1 14868 H CHC1 H H 3.559 3.527 0.032 -0.8
2 19059 H CC12 F H 3.957 4.339 -0.382 9.6
3 17888 H CC12 Cl H 4.355 4.428 -0.073 1.7
4 18598 Me cci2 Br H 3.642 3.719 -0.077 2.1
5 18719 Et CC12 H H 3.481 4.113 -0.632 18.1
6 21218 Et CC12 Me H 2.563 2.788 -0.225 8.8
7 17738 C0CHC12 CC12 H H 4.433 4.822 -0.389 8.8
8 17886 cochci2 CC12 Cl H 4.078 3.925 0.153 -3.8
9 23275 H CBr2 H H 4.402 4.246 ' 0.156 -3.5
10 18767 Me CBr2 H H 4.200 3.368 0.832 19.8
5.5 THE APPLICATION OF THE WISWESSER LINEAR NOTATION TO THE
FREE-WILSON MODEL
5.5.1 Introduction
In the earlier parts of this section it has been demonstrated that the 
Free-Wilson model is a powerful tool for the prediction of activity 
within a given series .,and is therefore a valuable empirical approach 
in the process of structure-activity optimisation. The form of 
presentation of the biological data, or transformation, plays an 
important part in determining the level of significance of these 
predictions ,and methods have been developed whereby these can be 
abstracted directly from the master biological and chemical data 
file. This is essential if an automatic system of analysis and 
structure optimisation is to be developed from the data base.
The other important factor in establishing an automatic,or 
semi-automatic process,for empirical structure activity analysis is 
the development of the means for automatic recognition and 
classification of the chemical substituents. This is necessary if the 
complete chemical and biological data matrix is to be prepared by 
machine.
For reasons described earlier, of the machine oriented chemical 
structure storage systems available, the one chosen for recording
and storing the chemical structures for all routine data processing 
purposes, is the Wiswesser Linear Notation (WLN).
Hence, it was essential that unless another form of structure 
representation were to be adopted, WLN was the preferred starting 
point for this investigation.
Because of the detailed nature of the correlation between structure 
and biological activity the chemical fragmentation from the WLN data 
base needs to be far more detailed than the limited fragment files 
reported earlier by Bowman et al.(1970) and Bond et al.(1971).
A recent example of the application of automatic sub-structural 
analysis to property prediction was that of Adamson and Bush (1976). 
They produced simulated property predictions for a series of 
structurally diverse local anaesthetics by a regression analysis,using 
chemical features automatically derived from connection tables. They 
found that the local anaesthetic values were highly correlated with a 
linear function of the fragments. The fragments used were 'simple 
pairs' of atoms or 'augmented pairs' (Crowe £t al, 1970). A 'simple 
pair' is centred on each bond in each structure and consists of the 
bond type together with the atoms it links. An 'augmented pair' 
describes a larger region of the molecule by recording, in addition, 
the number of external connections at each end of the pair. In these 
descriptions the hydrogen atoms and bonds to hydrogen are always 
inferred.
This work, however, suffered from the lack of a systematic definition 
of positional isomerism, an important feature in the comparison of 
closely related members of a series. It also required the manual 
preparation of connection tables from structural diagrams. This is a 
laborious procedure in the absence of a suitable computer program, 
which was not available at the time their work was carried out.
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At about the same time the CROSSBOW, system was developed by ICI. This 
will generate connection tables from the uncontracted WLN (Eakin, 
1975), but is only available to subscribers. As an alternative 
Adamson and Bawden (1975, 1976) developed their own simple fragmenting 
program using WLN as its basis. In their first paper they described 
fragment sets generated manually from WLN which were used to correlate 
the chemical structure of a group of 79 penicillins with their serum 
binding activity, using multiple regression analysis. The results 
were sufficiently promising to justify the writing of a specific WLN 
fragment program which could be applied to the correlation analysis. 
This was restricted initially to simple cyclic compounds, using the 
WLN ring locant code to derive the relative positions of the 
substituents, i.e. pairs of substituents with locants 'A' and 'D1, 1B 1 
and 'E' or 1C 1 and 'F' were taken as para to each other. Using this 
program Adamson and Bawden (1976) investigated the substituent effects 
on the rates of electrophilic bromination of 44 substituted benzenes, 
with up to five substituents in each compound. Rate constants for the 
bromination of the 44 compounds were correlated by means of multiple 
regression analysis using the structural features automaticallly 
derived from the WLN. The best set of structural features gave a 
multiple correlation coefficient (r) of >0.999. This program was 
subsequently modified to deal with a range of heterocyclic rings 
(Adamson and Bawden, 1977).
As the Adamson and Bawden work appeared to be the most appropriate 
solution to the problem reported here, an investigation was carried 
out in co-operation with D. Bawden. This involved the modification of
the first program to accommodate the benzimidazole series and an 
investigation of the correlation between structure and solubility, 
pK value and mammalian toxicity. In this thesis only the last 
response is considered for comparison with a Free-Wilson analysis 
using manually derived fragments.
5.5.2 Experimental
5.5.2.1 derivation of structural features
The program for the fragmentation of the WLN was written in ICL COBOL 
for the University of Sheffield 1907 computer. The program required 
12K core storage with CPU times 450s for the set of 57 structures.
The multiple regression analysis was performed using the ICL 
statistical analysis package (core required was 432K and CPU times 
4135s).
The.fragmentation program allowed for three sets of structural 
features to be derived at varying levels of complexity and hence for 
comparison of performance. The three sets of structural features were
Type X - includes as structural features only types and numbers 
of substituents.
Type Y - includes as structural features the types and numbers of 
substituents with their positions relative to the 
nearest ring fusion point.
Type Z - includes as structural features the types and numbers of 
substituents with their positions relative to the 
nearest ring fusion point and also the interrelationship 
between each pair of substituents.
Examples of each of these types of feature applied to 
the benzimidazole series are shown in fig. 30.
In the analysis of the structures the 2-trifluoromethyl benzimidazole 
ring was common to all compounds ,and was not included as a variable 
feature. Further, to avoid unnecessary proliferation of features, 
each interaction between the substituents was accounted for by a 
single term; e.g. a structure with a chlorine atom adjacent (ortho) to 
a nitrile is accorded one feature Cl-o-CN, rather than Cl-o-CN and 
CN-o-Cl. Similarly the position of the substituent was related only 
to the nearest ring fusion point; e.g. a methyl group one position 
removed from the ring fusion point is described as Me-m-RF. As has 
been noted earlier the two ring fusion points in the benzimidazoles 
were not distinguished since the position of nitrogen protonation is 
not known. The position of the substituents on the benzenoid moiety 
therefore can only be related to the nearest ring fusion point, and 
thereby to the nearer nitrogen atom, rather than to the -NH group, 
considered to be important for biological activity (Tollanaere, 1973).
The structural features identified, according to the three schemes of 
classification described, for the 57 chosen benzimidazoles are listed 
in tables 117, 118 and 119 and the features for each compound 
summarised in table 120.
Fig. 30 Examples of structural feature types in benzimidazoles. 
(RF = ring fusion point)
Structure and WLN
WLN = T56 BM DNJ CXFFF G1
types of structural feature
type X
1 x Me
type Y
1 x Me-m-RF
type Z
1 x Me-m-RF
2 . NCr
‘F.
2 x Cl 
1 x CN
1 x Cl-o-RF 
1 x Cl-m-RF 
1 x CN-m-RF
1 x Cl-o-RF 
1 x Cl-m-RF 
1 x CN-m-RF 
1 x Cl-o-Cl 
1 x Cl-o-CN 
1 x Cl-m-CN
WLN = T56 BM DNJ CXFFF FG GG HCN
4 x Br 2 x Br-cHRF 
2 x Br-m-RF
3.
WLN = T56 BM DNJ CXFFF FE GE HE IE
2 x Br-o-RF
2 x Br-m-RF
3 x Br-o-Br 
2 x Br-m-Br 
1 x Br-p-Br
Note RF = ring fusion point.
The mammalian toxicity values used in the analysis were the acute oral
LD,_q values, in mg/kg, to Wistar rats as described in section
5.4.2.1. They are presented as log transformed values in table 121.
5 .5 .2.2 statistical analysis procedures
The structural features were correlated with the mammalian toxicity 
by multiple regression analysis using the ICL Mark II Statistical
Analysis Applications Package. The property being considered, y, was
assumed to be an additive function of the structural features present 
so that its value for the i th structure is given by the equation:
n
y. = E b.x.. + constant 
i J ij
i=l
where there are a total of n types of structure feature in the set of 
compounds, and is the number of times the j th feature occurs in
the i th structure. The regression coefficient for the j th feature, 
b^, represents the effect of that structural feature in increasing 
(positive coefficient) or decreasing (negative coefficient) the 
measured property value for those compounds in which it occurs.
In this form of analysis Adamson and Bush (1976) have noted earlier 
that the use of squared terms, and cross terms, did not give a superior 
result to those from linear functions and hence were not employed.
The regression analyses were carried out in a stepwise fashion with 
structural features being included in decreasing order of their pivot 
elements, i.e. approximately in the order of their effect on the 
variation in measured property values. Some type Z features were
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omitted by the regression program as they had no effect, within the
accuracy of the calculation, on the property value. These included
some "perfectly correlated" structural features, i.e. features only
occurring together in a fixed ratio in the same structure. Only one
feature from each such group was included in the calculation. The
9.
perfectly correlated structures are shown in table 11m .
5.5.3 Results
The results of the regression analysis are summarised in tables 117, 
118 and 119, which give the activity coefficient values for the 
structural fragments. The actual and calculated mammalian toxicity 
values obtained from these coefficients are listed in table 121.
In order to compare the results produced by this automatic structure 
fragmentation,with manually derived fragments»and the Free-Wilson 
model, a similar set of benzimidazoles (46) was fragmented according 
to the method earlier described in sections 5.4.2.1 and 5.4.2.4.
These fragments included type B interaction features. The compounds 
chosen were more restricted than those chosen for the automatic 
analysis because of the restriction in the number of fragments imposed 
by the Free-Wilson analysis program (AS 11). The 46 compounds are 
listed in table 122, the structure matrix is shown in table 123, and 
the derived substituent coefficients listed in table 124. The actual 
and calculated activities according to the Free-Wilson model are given 
in table 125.
Table 117 Automatically derived type X fragments of benzimidazoles
and their activity coefficient values.
Fragment : type X Coefficient value
No. Structure
1 Me 0.33 (0.19)
2 Et 0.18 (0.48)
3 F -0.15 (0.35)
4 Cl -0.30 (0.07)
5 Br -0.29 (0.16)
6 I -0.04 (0 .2 2 )
7 CN -0.65 (0.35)
8 cf3 -0.45 (0.48)
9 C02Me 0.00 (0.48)
10 C02Et 0.18 (0.48)
11 conh2 0.18 (0.48)
12 OH 0.45 (0.19)
13 nh2 0.48 (0.48)
14 NHCOMe 0.00 (0.48)
15 NHCOEt -0.50 ' (0.48)
16 no2 -0.30 (0.16)
17 S02Me 0.65 (0.34)
18 so2nh2 0.48 (0.34)
19 Ph 0.40 (0.48)
20 OMe -0.03 (0 .2 0)
21 so2ne t2 0.00 (0.46)
22 NMe2 0.60 (0.46)
23 s o3h 1.50 (0.46)
Skeleton constant 2.60 (0.18)
n
s
r
f 24, 33
57
0.444
0.990
64.92
Table 118 Automatically derived type Y fragments of benzimidazole
and their activity coefficient values.
Fragment : type Y Coefficient value
No. Structure a)
1 Me-o 0.21 (0.50)
2 Me-m 0.32 (0 .2 1 )
3 Et-m 0.15 (0.50)
4 F-o" -0.39 (0.49)
5 F-m -0.03 (0.50)
6 Cl-o -0.39 (0.14)
7 Cl-m -0.24 (0 .1 2)
8 Br-o -0.40 (0 .2 1)
9 Br-m -0.15 (0.38)
10 I-o“ -0.70 (0.65)
11 I-ra 0.37 (0.51)
12 OMe-o -0.33 (0.36)
13 OMe-m 0.08 (0.25)
14 CN-nf" -0.63 (0.37)
15 CF3-111 -0.48 (0.51)
16 N02~o -0.44 (0.25)
17 N02_m -0.22 (0 .2 1 )
18 0H-o~ 0.37 (0 .2 2)
19 OH-m 0.49 (0.37)
20 C02Me~m -0.03 (0.51)
21 C02Et~m 0.15 (0.51)
22 C0NH2-m 0.15 (0.51)
23 NH2_m 0.45 (0.51)
24 NHCOMe-m -0.03 (0.51)
25 NHCOEt-m -0.53 (0.51)
26 NMe2~o 0.54 (0.49)
27 SO3H-0 1.44 (0.49)
28 S02Me-m 0.64 (0.36)
29 SO2NH2-0 1.02 (0.49)
30 S02NH2~m -0.15 (0.51)
31 SO2NEt2~o -0.15 (0.51)
32 Ph-m 0.37 (0.51)
Skeletal value 2.63 (0 .2 1)
n .
s
r
f34 , 23
57
0.504
0.992
88.01
Note a) o and m indicate substituents ortho and meta to a ring fusion
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Table 121 Actual and calculated mammalian toxicity values for benziaidazolea 
from WLN derived chemical features.
Table
No.
Cpd
No.
log LD50 value
Actual
Calculated
type
X diff
type
Y diff
type
Z diff
1 2718 2.90 2.60 0.30 2.63 0.27 2.77 0.13
2 2727 3.20 2.93 0.27 2.95 0.25 3.20 0.00
3 7489 2.78 2.78 0.00 2.78 0.00 2.78 0.00
4 3895 2.60 2.45 0.15 2.60 0.00 2.60 0.00
5 3990 2.60 2.30 0.30 2.23 0.37 2.63 -0.03
6 2785 2.15 2.30 -0.15 2.39 -0.24 2.30 -0.15
7 4307 2.60 2.31 0.29 2.23 0.37 2.60 0.00
8 4173 2.85 2.31 0.54 2.47 0.38 2.85 0.00
9 4762 3.00 2.56 0.44 3.00 0.00 3.00 0.00
10 4005 2.00 1.95 0.05 2.00 0.00 2.00 0.00
11 3391 2.15 2.15 0.00 2.15 0.00 2.15 0.00
12 6727 2.60 2.60 0.00 2.60 0.00 2.60 0.00
13 6717 2.78 2.78 ’ 0.00 2.78 0.00 2.78 0.00
14 6735 2.78 2.78 0.00 2.78 0.00 2.78 0.00
15 6704 3.00 3.05 -0.05 3.12 -0.12 3.00 0.00
16 4027 3.08 3.08 0.00 3.08 0.00 3.08 0.00
17 4166 2.60 2.60 0.00 2.60 0.00 2.60 0.00
18 9991 2.10 2.10 0.00 2.10 0.00 2.10 0.00
19 4803 2.30 2.29 0.01 2.18 0.12 2.13 0.17
20 2814 1.84 2.29 -0.45 2.41 -0.57 2.01 -0.17
21 10157 3.00 3.25 -0.25 3.27 -0.27 3.00 0.00
22 4765 2.48 3.08 -0.60 2.48 0.00 2.48 0.00
23 4347 3.00 3.00 0.00 3.00 0.00 3.00 0.00
24 3522 3.20 3.25 -0.05 3.27 -0.07 3.20 0.00
25 5940 2.00 2.15 -0.15 2.00 0.00 2.00 0.00
26 3363 2.30 2.00 0.30 1.99 0.31 2.21 0.09
27 2938 2.08 2.00 0.08 2.15 -0.07 1.89 0.19
28 3531 1.70 2.00 -0.30 1.99 -0.29 1.78 0.08
29 3048 1.60 2.00 -0.40 1.84 -0.24 2.04 -0.44
30 4342 1.70 2.02 -0.32 2.08 -0.38 1.70 0.00
31 4925 2.30 2.52 -0.22 2.30 0.00 2.30 0.00
32 8613 3.00 2.75 0.25 2.88 0.12 3.00 0.00
33 6920 1.70 2.27 -0.57 2.06 -0.36 1.70 .0.00
34 5737 2.60 2.63 -0.03 2.60 0.00 2.60 0.00
35 4499 3.00 2.63 0.37 2.71 0.29 3.00 0.00
36 6700 1.60 1.65 -0.05 1.60 0.00 1.60 0.00
37 4892 2.11 2.62 -0.51 2.51 0.40 2.11 0.00
38 3534 1.60 2.00 -0.40 1.95 -0.35 1.77 -0.17
39 3946 2.15 2.00 0.15 2.01 0.14 1.98 0.17
40 4570 2.20 2.00 2.20 1.79 0.41 2.20 0.00
41 4420 2.18 2.00 0.15 1.97 0.21 2.18 0.00
42 3047 2.30 2.00 0.30 2.19 0.11 2.30 0.00
43 5585 2.78 3.50 -0.72 3.38 -0.60 2.78 0.00
44 4066 2.78 2.55 0.23 2.78 0.00 2.78 0.00
45 2786 1.26 1.70 -0.44 1.75 -0.50 1.42 -0.16
46 2813 1.88 1.70 0.18 1.60 0.28 1.24 0.64
47 8614 1.85 2.45 0.40 2.53 0.32 2.85 0.00
48 10815 2.90 2.65 0.25 2.63 0.27 2.90 0.00
49 10715 2.00 2.00 0.00 2.00 0.00 2.00 0.00
50 2265 0.30 1.40 -1.10 1.36 -1.06 0.50 -0.20
51 3447 1.48 1.41 0.07 1.36 0.12 1.48 0.00
52 5924 1.30 1.43 -0.13 1.36 -0.06 1.30 0.00
53 9430 1.78 1.68 0.10 1.42 0.36 1.78 0.00
54 6123 2.30 2.30 0.00 2.30 0.00 2.30 0.00
55 4378 3.20 3.20 0.00 3.20 0.00 3.20 0.00
56 4718 2.78 2.18 0.60 2.78 0.00 2.78 0.00
.57 8135 3.00 2.15 0.85 2.13 0.87 3.00 0.00
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Table 122 Structures of benzimidazoles with mammalian toxicity values 
used in Free-Wilson model.
\ Table
No.
Cpd,
No.
Structure Mammalian
toxicity
log LD50
1
2
3
4
5
6
7
8 
9
10
11
12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
3895
3990
2785
4307
4173
4762
4083
2814
2727
6704
6099
5940
6082
6698
5342
3531
3048
4342
4006
4925
4317
3534
3946
4064
4570
4782
5500
8613 
5737 
5253 
4892 
3522 
5585 
7069 
8589 
4069
8614 
8489 
6073 
8135 
3234 
5312 
6133 
3944 
5739 
2265
5-F
4-C1
5-C1
4-Br
5-Br 
5-1
4-N02
5-N02 
5-Me 
5-OH
4.6-F 
4-F, 5-C1 
4-F, 6-C1 
5,F, 6-Cl 
4-Br, 6-F
4.6-Cl
4.7-Cl
4.6-Br
4.7-Br
4.6-1
4-N02; 5-C1 
4-N02; 6-Cl
4-C1; 6-N02
5-C1; 6-N02 
4-C1; 7-N02 
4-N02 ; 5-Br
4-1; 6-Cl
5-Cl; 6-OH 
4-Me; 5-Cl 
4-Br; 5-Me 
4-N02 ; 5-Me
5.6-Me
4.7-OH
4.5.7-F
4-Br; 5-Cl; 6-F 
4-N02 ; 5,6-Cl
5.6-Cl; 4-OH
4.6-Cl; 5-OH 
4-Me; 5-Cl; 6-Br 
4-OH: 5,6,7-Cl
4.6.7-Cl; 5-Me
4.7-N02 ; 5-Me; 6-Cl
4.6-F; 5,7-Br
4.6-Cl; 5,7-N02
4.5.7-Br; 6-Cl
4.5.6.7-Cl
2.60
2.60
2.15 
2.60 
2.85
3.00
2.30
1.84
3.30
3.00 
1.701
2.00 
2.11 
2.18
1.85
1.70 
1.60
1.70 
2.18
2.30
2.15 
1.60
2.15
1.90 
2.20
2.15
2.30
3.00 
2.60
2.90 
2.11
3.20 
2.78 
1.60
1.90
3.00
2.85
2.90 
2.48
3.20
2.30
3.00
1.70
3.00 
1.60 
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351Table 124 Free-Wilson analysis: Mammalian toxicity coefficients
benzimidazoles (type B) from log LD50 values.
Substituent Coeff. value
R/R1 F -0.08 (0.32)
Cl 0.20 (0.24)
Br 0.05 (0 .2 2 )
I 1.39 (0.97)
no2 -0.37 (0 .2 1)
Me 1.08 (0.49)
OH -0.97 (0.61)
X/X1 F -0.13 (0.290
Cl -0.29 (0 .11)
Br 0.14 (0.28)
I 0.59 (0.39)
no2 -0.54 (0.27)
Me 0.93 (0.27)
OH 0.70 (0.31)
Y F, 0- 0.05 (0 .2 1 )
m- -0.03 (0.28)
P- -0.19 (0.36)
Cl, 0- 0.17 (0 .1 2)
m- -0.26 (0.17)
P“ -0.57 (0.27)
Br, 0- 0.11 (0.17)
m- -0.32 (0 .2 2 )
P" -0.06 (0.26)
I, m- -0.99 (0.67)
n o 2, 0- 0.27 (0 .2 1 )
m- 0.58 (0.27)
P" 0.37 (0.34)
Me, 0- -0.54 (0.30)
m- -0.35 (0.55)
OH, 0- 0.38 (0.48)
m- 1.41 (0.72)
P- 1.21 (0.58)
Skeletal value 2.30 (0.07)
n- 46
s- 0.408
r- 0.995
F33, 16 47.30
R
CF,
Table 125 Actual and calculated values for mammalian toxicity
(log LD5 0) of benzimidazoles (2nd batch) using substituents 
and interaction coefficients, (type B)
Table No. Cpd. No. log LD50 values
actual calculated difference
1 3895 2.60 2.17 0.43
2 3990 2.60 2.50 0.10
3 2785 2.15 2.01 0.14
4 4307 2.60 2.35 0.25
5 4173 2.85 2.44 0.41
6 4762 3.00 2.89 0.11
7 4083 2.30 1.93 0.37
8 2814 1.84 1.76 0.08
9 2727 3.30 3.23 0.07
10 6704 3.00 3.00 0.00
11 6099 1.70 2.04 -0.34
12 5940 2.00 2.15 “0.15
13 6082 2.11 1.65 0.46
14 6698 2.18 2.09 0.09
15 5342 1.85 1.87 “0.02
16 3531 1.70 1.69 0.01
17 3048 1.60 1.55 0.05
18 4342 1.70 1.85 -0.15
19 4006 2.18 2.18 -0.10
20 4925 2.30 2.46 -0.16
21 4317 2.15 2.07 0.08
22 3534 1.60 1.96 -0.36
23 3946 2.15 2.28 -0.13
24 4064 1.90 1.91 -0.01
25 4570 2.20 1.93 0.27
26 4782 2.15 2.44 -0.29
27 5500 2.30 2.23 0.07
28 8613 3.00 3.25 -0.25
29 5737 2.60 2.72 -0.12
30 5253 2.90 2.85 -0.05
31 4892 2.11 2.59 -0.48
32 3522 3.20 3.08 0.12
33 5585 2.78 2.79 -0.01
34 7069 1.60 1.68 -0.08
35 8589 1.90 2.07 -0.17
36 4069 3.00 2.44 0.56
37 8614 2.85 2.78 0.07
38 8489 2.90 2.72 0.18
39 6073 2.48 2.45 0.03
40 8135 3.20 2.44 -0.24
41 3234 2.30 2.08 0.22
42 5312 3.00 3.28 -0.28
43 6133 1.70 1.80 -0.10
44 2944 3.00 3.05 -0.05
45 5739 1.60 1.66 -0.06
46 2265 0.30 0.94 -0.64
5.5 .4 Discussion of results
The analysis of variance statistic, the *F * value, of the regression analyses 
of the automatically derived fragments given at the bottom of tables 117, 118 
and 119, show that all the correlations are significant at the 1% level. A 
comparison of these regression results by the F-test indicates that there is a 
significant improvement with the increase in level of fragment definition from 
type X, through Y to Z. This is reflected in the smaller differences between 
the actual and calculated values of the compounds (table 121). The Free-Wilson 
analysis was also significant at the 1% level (table 124).
The real test of the value of these different approaches is however in their 
predictive capabilities. To accomplish this the coefficients derived from the 
four systems (tables 117-118 and 124) were used to predict the activity of 28 
other benzimidazoles which contained permutations of substituents present in 
the compounds submitted to the original analyses, and for which the mammalian 
toxicity was known. The results are summarised in table 126 and the 
distribution and frequency of the percentage variations between the actual and 
predicted responses in table 127.
The first feature of interest in these results is the degree of extrapolation 
possible from the various chemical fragmenting systems. In the manually 
extracted fragments, used for the Free-Wilson model, it was possible to predict 
the activity of all but two compounds: 6061 and 5738 (table No. 26 and 27).
Both of these contained a methyl group para to another substituent, and no 
example of this configuration had been included in the original set. In the X 
and Y feature series it was possible to predict the activity of all 28 
compounds, since the simple chemical fragments involved, contained no such
complex interaction descriptions, merely the presence or absence and relative 
position of the substituents.
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In the Z-feature analysis however, it was only possible to 
predict the activity of 12 out of the 28 because of the high degree of 
specificity possessed by these features. Thus although the Z-feature gave 
the best agreement between actual and calculated values in the first 
analysis, because a feature value is required for each of the possible 
permutations of substituents, a much larger number of compounds was 
required here to provide the complete set of coefficients necessary for 
predictive purposes. The accuracy of Z feature analysis is only gained at 
the expense of a much higher compound input requirement. The less precise 
interaction description used in the Free-Wilson model falls somewhere 
between the extreme of the X and Z feature analysis.
Surprisingly in spite of the greater accuracy of the Z-feature analysis 
its power of prediction, where possible, as measured by the distribution 
and frequency of percentage variations (table 127) is not quite as good as 
the less precise type B interaction features used in the Free-Wilson 
model. Using the ^25% point as the bench mark of accuracy, 75% of the 
predictions from the Z-feature analysis fell within this limit as compared 
with 81% from the Free-Wilson model whilst 71 and 68% respectively of the 
predictions from the X and Y features fell within this band.
5.5.5 Conclusions
These results indicate that from a purely empirical point of view the 
automatic derivation of chemical fragments can be used,in association with 
regression analysis,to give a level of predictive accuracy approaching that of 
the Free-Wilson model. Not unexpectedly the level of accuracy of the 
prediction process correlates with the degree of precision of the chemical 
fragments and, as reported earlier for the Free-Wilson model, with the degree
3571,
of definition of interaction features. The precision of this factor however, 
has to be balanced against the number of compounds required in the initial set 
to provide examples of all possible interactions. The requirements for the 
Z-feature set are probably too great to be of value for prediction in small 
series although it would be valuable for determining the strategy of infilling 
in a large active series, of which many members had already been made.
A modification of the fragment progress merely to indicate the relative 
position of other substituents should appear to be a reasonable compromise 
although it might be improved by separation into base strengthening or 
weakening components.
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6. SUMMARY AND CONCLUSIONS
The discovery of new pesticides involves considerable expenditure 
of effort in chemical synthesis and biological evaluation. In 
this, the direction of the former process may be significantly 
affected by deductions, based on comparisons between structural 
variations and their observed biological responses. The primary 
objective of these studies was to investigate procedures of 
data analysis which might facilitate this process. In particular, 
techniques for improving the reliability of existing structure- 
optimisation methods, and possible new methods for use in active 
series, have been examined, as well as means of bringing to light 
entirely new structures of potential value.
For a number of reasons, not the least of which was the considerable 
data-bank of past results, emphasis was placed on methods applicable 
to the already established, and standardised, biological test and 
data recording techniques. Changes in these, to accomodate 
structure-activity studies, could only be contemplated after the 
value of the predictions was proven.
The standardised tests (Appendix I) were developed essentially as 
a rapid, and reliable, means of compound selection for field trials, 
from materials synthesised according to a rational or random 
programme. The nature of the biological data produced is partly 
qualitative; i.e. which species are susceptible and what type of 
symptoms are induced; and partly quantitative; i.e. what levels of 
effect are produced at different dose rates. The chemical information 
available is restricted to the structure and molecular weight, and 
melting point or boiling point. Routine physicochemical measurements,
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such as solubility, partition coefficient and volatility are not 
made, since it has been regarded that these would be too costly to 
obtain for the general run of compounds. For these reasons the 
nature of the structure-activity investigation has been restricted 
to empirical methods based on correlations of structural features 
alone, with the biological response.
In the original studies, by the author, on structure-activity 
correlation aimed at optimisation within well-recognised active 
series, simple manually prepared systems were used, based on 
hand-written summary cards,prepared from experimental reports 
(Appendix II), edge-punched cards and optical coincidence cards.
It was obvious however, that for other than small groups of 
related compounds, or very restricted sets of biological or 
chemical features, these were of little use and only a mechanised 
data handling system, such as that offered by the computer, 
was feasible.
Before the computer could be employed however,it was essential to 
decide first on the nature of the data to be recorded and then 
the means of recording. At the outset it was decided to make 
the records as complete, and as subjective, a description of the 
qualitative and quantitative results, as possible. The use of 
simpliJ&ied, and partly subjective records (Dammers and Gallagher, 
1970), has the advantage of being compact and easy to search but, 
as experience has shown, is relatively inflexible in interpretation 
with changing standards; i.e. the definition of "active" may vary 
with time as commercial hurdles are raised (Saggers, 1974).
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Of the available methods of data recording, the 80-column punched 
card with the standard 36-character alpha-numeric code was the 
one chosen for biological and chemical data recording. This was 
based on the ease of pre-computer checking and editing, as well 
as non-computer data storage and even searching. A series of 
pre-printed cards were designed (Appendix III) which facilitated 
the task of visual interpretation and checking.
The nature of the chemical structure recording was more complex. 
Initially the CBCC fragment code was adopted (Anon, 1950) but was 
dropped because of its inherent ambiguity, and difficulty of 
encoding and decoding. The code chosen to replace it was the 
Wiswesser Line Notation (WLN : Section 3.3.2) which gave a 
concise and unambiguous description of the structure,by linking 
according to a system of rules (Smith and Baker, 1975) coded 
substructural features. The system is fully compatible with the 
computer. '
All the structure-activity correlation studieswere based on this 
qualitative/quantitative biological record file, in conjunction 
with the WLN file held on a Master Tape File (Fig.2). The 
attraction of this approach was that any systems developed could 
be processed automatically, thus facilitating their use by research 
chemists and biologists in the pesticide research team.
The first investigations were of simple extensions of the data 
recording methods for lead optimisation purposes. At their most 
basic, summaries of the appropriate biological activity (Fig.3) 
were produced automatically, based on structure sequences derived 
from the permuted WLN index. By this method it was possible to 
bring together all compounds with a common chemical feature, or
features, and list their appropriate properties in a manner 
that allowed an intuitive approach to be adopted to structure- 
activity trends. This is still one of the most powerful tools 
in simple structure-activity correlation. Because of the 
detailed nature of the biological record required for this purpose, 
the structure keys were produced separately from the biological 
summary; unlike the interlined summary of Granito (1968). In 
practice however the WLN version of the structure did not prove 
to be an acceptable form of structure print-out to the chemists, 
since common features of interest were frequently obscured by 
the hierarchical rules of WLN. Consequently a more readable, but 
less precise, notation was developed by the author to accompany 
the biological print-out; the Chesterford Line Code (CLC;
see 3.3.3).
In an attempt to produce a more generalised picture of the structure- 
activity response, in which the advantages of structure 
classification produced by the WLN index, was combined directly 
with the biological properties, a program for summarisation of 
the biological activity; the Categorisation Analysis (CA); was 
developed. In this, four levels of activity were recognised; 
from 0 = inactive to 3 = highly active; and thereby four levels 
of structural significance. The parameters for the first CA were 
subjective, being based on experience of what was previously regarded 
as a significant response. Here the advantages of recording 
objectively the experimental observations were obvious. The 
parameters for CA, and hence the derived structural significance, 
could be altered in the light of experience gained from the 
performance of benchmark standards, or from experience gained with 
the performance of compounds which had passed through the routine
laboratory tests into field trials.
The results of CA, with a large file of approximately 23,500 
compounds, indicated that the proportions allocated to each 
category showed on average an almost geometric reduction with 
increasing activity (table 5). In the individual screens some 
bias was noted, towards activity in the insecticide and pre- 
emergent herbicide screens and towards inactivity in the 
in vitro fungicide screens. These were partly a reflection of 
the success or failure in the respective synthetic programmes, 
and partly of deficiences in the CA.
When a batch of 90 standards was subjected to CA, only a very few 
failed to qualify for categories 2 or 3 in their particular sphere 
of activity (tables 12 and 13). These highlighted deficiencies 
in the subjective parameters, which were substantially overcome 
(tables 20 and 21) by a series of minor revisions. In particular 
the rating of the mediocre acaricide, azobenzene, was increased 
by lowering the qualification for classification as an active 
acaricide. The poor performance of three seed-dressing soil 
fungicides was improved by taking into consideration the highly 
selective performance of these compounds in the in vitro tests, 
and by including additional species in the CA program. The poor 
performance of certain fungicides in the _in vivo tests could not 
be improved, since it would have been necessary to upgrade the 
significance of the fungicidal response if it jointly occurred 
with phytotoxicity. This would have allowed too many compounds to 
be upgraded for non-fungicidal reasons. The compounds in question 
had been mildly active,but phytotoxic. The poor performance of the 
growth regulant standard, maleic hydrazide, was improved by allowing 
the results from increased time-exposure tests to be used as CA
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parameters.- This also improved the rating of the selective 
wild-oat herbicide, triallate.
The category distribution in the insecticide analysis was 
improved by lowering the parameters for an 'active' classification 
in the middle range,for the less sensitive species such as 
Tetranychus telarius,whilst retaining a high hurdle for the 
sensitive species, e.g. Musca domestica.
The combination of the WLN and CA was used, in its most direct 
form, to provide a picture of the activity pattern for well 
defined structural groups. For example, it was possible to 
demonstrate that the 164 indoles, in a file of 18,000 compounds 
(table 22), showed an insecticidal response significantly above !
the average, and a herbicide response significantly below. This 
prompted closer examination of the structures, when it was 
determined that the high insecticidal response only occurred in 
conjunction with the carbamate moiety. If these carbamoyl-indoles : 
were removed from the analysis (table 23) the insecticidal and 
herbicidal activities were below average. The fungicidal response 
was still above average for the file. From this it could be 
deduced, that if randomly synthesised indoles were presented for 
screening then fungicidal evaluation is probably the most profitable 
test to initiate; unless some obvious herbicidal or insecticidal 
toxophore was present. The low herbicide activity also makes 
the indole system attractive for fungicidal investigation from its 
reduced phytotoxicity potential.
In a more detailed analysis of 1218 benzimidazoles, selected from 
a file of 13,000 (table 24), it was demonstrated that all the 
biological responses were significantly above the average.
Examination of the WLN, and prior knowledge, indicated that 
this was probably associated with the presence of a 2- 
trifluoromethyl substituent. If these compounds were removed, 
then the insecticidal and herbicidal activity of the remaining 
benzimidazoles were not markedly different from the random
file (tables 25, 26 and 27). The fungicidal activity however 
remained significantly high (table 28 and 29). This would 
suggest an inherent fungicidal activity in the benzimidazole 
moiety, which might be worth further exploitation. Similar 
general activity surveys, of other defined structures, have 
shown promising trends.
CA used in conjunction with the permuted WLN index (Fig.15) may 
be used to detect structure-activity trends which would repay 
analysis of the type noted above. The tabulations are also of 
value for the generation of intuitive clues on relationships, as 
are the tabulations of permuted CA against structure (Fig.16).
The former index has been found to be a useful means of determining 
priorities in biological testing, by taking the observed trends 
in compounds related to those submitted for testing, as a guide.
The CA. values also provided the data base for a more fundamental 
lead generative procedure.using biological activity coefficients 
culculated for substructural features. This approach was based on 
the work on antiarthritic-immunoregulatory substances by Cramer 
et al. (1974). In their studies a time-consuming, manually derived, 
chemical fragment code was employed in which 1200 features were 
recognised. The compounds to be analysed were examined for the 
presence or absence of these fragments. A biological activity 
coefficient : called the substructure activity frequency (SAF) :
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was then calculated for each fragment from the number of compounds 
possessing the fragment and active, divided by the total number 
of compounds possessing the fragment. The mean value (MSAF) was 
then calculated for each compound (Fig.17) when it was found that 
a strong correlation existed between high MSAF values and activity.
In the work carried out here the objective was to develop a 
fragment analysis which was capable of automatic operation, and 
to increase, if possible, the number of fragments, and hence 
possibly improve the chemical definition and structure-activity 
correlation.
The procedure adopted was to define, using the ICL FIND information 
searching package, 36 simple chemical features (table 30) derivable 
from the WLN notation. The features chosen were mainly substituent 
groups, e.g. simple alkyl, halogens, carboxy, cyano, thiocyano, 
isothiocyano, amino, hydroxy, or nitro groups, or linear functions 
such as ether-bonds, short non-cyclic carbon chains, double and 
triple bonds, hydrazino functions, sulphur, keto groups, ureas 
and branching functions such as phenyl groups and organophosphorus.
As far as possible ,ring .functions, other than the phenyl group, 
were excluded. No distinction was possible between isomers within 
this limited range of features; i.e. 2-4-dichloro-benzoic acid 
would produce the same fragments as 3,6-dichloro-benzoic acid.
This fragment analysis produced a numeric sequence for each compound 
(table 31) ,in which the presence of a fragment was indicated by 
the value 1 and its absence by the value 0. Unlike the Cramer 
fragments however these simple groups were built up into larger units 
by taking all possible combinations from the basic 36 fragments.
These complex units also differed from any previous fragments by 
including features in which no direct connection was required. This
366
allowed the possibility of active configurations, which consist 
of spacially separated units, to be detected.
The SAF and MSAF values for the fragments and compounds were 
calculated in a similar manner to that of Cramer et al., except 
that a weighting was introduced to prevent severe distortion of 
the SAF value in fragments of low frequency. The CA value was 
used as the definition of biological activity.
In a preliminary investigation 150 compounds were analysed, with 
the insecticidal activity being taken as the biological response.
The results of this confirmed that there was a significant increase 
in the correlation between the MSAF value and the insecticidal 
activity, as the number of fragments employed was increased from 
first to third order combinations. The highest correlation was 
achieved by a combination of all three (tabl© 32-35). Consequently 
all subsequent work was based on the sura of the three sets of 
combinations. This, of course, gave the most complete chemical 
definition.
Using the SAF and MSAF values obtained from the first set of 150 
compounds, and a second larger set of 400, it was possible to 
explore the potential for their application to the rationalisation 
of further synthesis. Two distinct possibilities existed. The 
SAF values per se could be used as a guide to selection of the 
most promising fragment combinations for producing an insecticidal 
effect. Alternatively, the MSAF values for untested compounds 
could be calculated from the SAF values of the initial set, and these 
used to predict the activity of the untested. These predictions 
would be of value in determining the test priorities of already 
synthesised compounds, or even to determine the relative merits
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of unsynthesised materials.
In the study of the exploitation of SAF values, the 54 highest 
values (>0.67) obtained from the first batch of 150 compounds 
were taken. Values of 0.66 were disregarded ,since this is the 
value given, after weighting (Section, 4.3.3.3,iii), to a 
fragment combination which only appear once, and is active.
A breakdown of these SAF’s into their individual fragments 
(table 42) indicated that they represented combinations of only 
20 of the 36 fragments (table 44). Using the SCICON single 
linkage cluster analysis procedure, applied to the fragment 
combinations, it was possible to classify the 54 SAF’s into 15 
subgroups or clusters (table 45).
The inter-relationships between the SAF’s and their constituent 
fragments, when displayed in a visually interpretable form 
(Fig.18 and 19), not surprisingly, strongly reflected the 
composition of the known active insecticides, included as markers 
in the compound set. In particular, the components of halo- 
substituted 2-trifluoromethyl benzimidazoles were evident in seven 
clusters : clusters, 1,3,5,8,10,13 and 14 (See fig. 18) : whilst 
various features of organophosphates dominated five others : 
7,9,10,11 and 12 (see fig. 19). An interesting relationship was 
also established between 2-trifluoromethyl benzimidazoles and 
certain halogenated trifluoromethyl anilines, both of which act 
via their uncoupling properties (Tollenaere, 1973).
The main disadvantages of the SCICON cluster analysis program 
was the restricted number of clustering routines available, and 
the lack of facility to produce the more visually interpretable 
dendrogram representation of cluster relationships. Consequently 
the same SAF structure-fragment matrix was also run on the CLUSTAN
package using eight differing clustering routines. From a visual 
and intuitive basis the Furthest Neighbour routine gave the most 
readily interpretable representation (Fig.20). Again 15 clusters 
were identified which resembled, in almost all the basic respects, 
the SCICON analysis, except that the fragments associated with the 
2-trifluoromethyl benzimidazoles tended to be more closely related 
(Fig.21).
Since promise was shown in this approach, with the first and 
deliberately biased batch of 150 compounds, a second analysis 
was initiated with a larger batch of 400 randomly selected compounds. 
In this 75 SAF values of >0.67 were identified (table 43), which 
involved combinations of 22 of the 36 basic fragments (table 46).
When these were processed by the CLUSTAN program (Fig.22), 14 
multiple SAF clusters were identified, together with four unrelated 
SAF's. In this series the value of the SAF/cluster analysis 
approach can be illustrated by a consideration of the results 
obtained with the organophosphates. The five main fragment clusters 
associated with the organophosphate moiety are illustrated in 
figure 25. The results suggested that the most significant 
fragments, indicated by multiple connecting lines, linked 
this group with sulphur, methyl, ethyl, oxygen and phenyl fragments. 
No one cluster contained all the fragments, nor did any of the 
original compounds.
However it is of interest to note that, although none of the input 
organophosphates possessed this combination of substituents, the 
methyl-analogue of parathion, one of the earliest and most 
successful of the organophosphate insecticides, does, as well as 
fensulfothion and phenthoate. The fragment composition of the
individual clusters is also reflected in at least 15 commercial 
compounds. It is difficult to be entirely objective on these 
results but it could be argued that, if the 400 compounds, 
subjected to this analysis had been entirely new, groups of 
fragments associated with the organophosphorus moiety would 
have been identified, which might have been worth consideration 
for incorporation into a single molecule. Had this been 
accomplished a range of useful products might have been produced. 
This approach may also be used to detect inactivating fragment 
combinations by looking for fragment groups of very low SAF 
value. Unfortunately none was shown in this small group^associated 
with the organophosphorus fragment.
In addition to the identification of large fragment clusters, which 
obviously represent significant activity trends, it was also of 
interest to examine the lone SAF's. These, in many ways, are 
of greater potential interest since they may represent entirely 
novel leads which would repay investigation. In the group of 400, 
four such isolated high-value SAF's were detected : SAF's 27,37 
40 and 47 (table 43). Closer examination of these however 
indicated that SAF 27 was an artifact, produced by a basic 
deficiency in the ICL FIND-based WLN fragmentation program, which 
confused a nitro function with a sulphonamide. SAF 37 is a 
combination of methyl group with a nitrile and a non-hydrogen 
substituted double-bonded nitrogen. This combination was derived 
from two apparently unrelated compounds but would suggest that, 
at its simplest, compounds of structure:
X
I
R —  C — CN
II
NY
might be worth further investigation.
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The third SAF, number 40, composed of a two carbon chain, a 
chlorine and a hydroxy group, was generated by two closely related 
benzaldoximes. The real significance of this relationship 
could only be assessed by looking at a larger set of compounds 
using the permuted WLN index.
The final fragment group, SAF 47, inferred an active relationship 
between a butyl group, an amine and a sulphoxide. Identification 
of the two compounds with this combination however, indicated that 
both were additionally .2-trifluoromethyl benzimidazole derivatives. 
Compounds with this combination are highly active in their own 
right and it seemed therefore likely that this was a spuriously 
active combination engendered by the small data base. j
I
A second application was to use the MSAF value as a predictive 
tool for assessing the probability of activity in untested, or 
even notional, compounds. In the first experiment a set of |
500 random compounds was used to generate SAF values for the j
insecticidal response, whilst in a second 950 compounds were
chosen. These were called the training sets. In both training 
sets a strong correlation was shown to exist between the MSAF 
value and the probability of being active. In the first set 
approximately 55% of the active compounds possessed an MSAF 
value of ^0.25, as against only 2% of the inactives (table 48).
If this value had therefore been set as the criterion for 
predicting activity ,it would have been correct with approximately 
80% of the compounds. When the SAF values from this training 
set were used to calculate MSAF values for the prediction set
/
(311 compounds), the predictions were only marginally less accurate. 
For example taking an MSAF value of ^0.25, the probability of 
activity was 78.1%. This was significantly better than the
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predictions of Cramer et al. Reducing the threshold MSAF value 
to ^0.15 reduced the probability of activity to 27%. However 
there were only 56 active compounds in the 311 compound batch 
and if the procedure had been used as a means of determining the 
priority for testing, 47 of the 56 (84%) would have been detected 
for the examination of only 174 of the batch. Not testing 137 
compounds would have given a valuable saving of time and effort, 
since the cost of testing is approximately £40 per compound 
(£5,480). It is possible that the majority of the remaining 9 
undetected,active compounds, would have been detected from leads 
gained from the compounds identified in the initial run.
This pattern was reflected in the second trial using the larger 
training set, when a prediction set of 811 was used. In this set 
108 of the actual 123 active insecticides would have been selected 
in the first 493 compounds, by setting a test/not test threshold 
at MSAF = 1>0.20 (table 51).
When the MSAF values for the first prediction set of 311 compounds 
were recalculated,using the SAF values obtained from the second 
training set, and compared with the first (table 52 compare with 
table 49), slightly different values and distribution were 
obtained. A similar level of predictive accuracy was maintained 
however.
The results of these investigations clearly indicated that, as 
far as insecticidal activity went, the MSAF value, although not 
providing an absolute separation between active and inactive 
compounds, would provide a significant means of predicting the 
probability of activity. This appeared to be sufficiently 
promising for it to be used as a tool for selecting compounds from
a random batch for testing and a means of discarding likely 
inactives. This is of considerable value when resources are 
limited.
One strong argument against placing complete reliance upon 
MSAF values, as a means of discrimination, is that they could 
not be expected to give a guide to the activity of entirely 
novel compounds, for which no examples whatsoever were present 
in the training set. In order to test this, three compounds 
were selected which appeared to meet these requirements, and 
MSAF values calculated (Appendix V). The compounds were a 
carbamoyl triazole, reported by Gulf Oil; a tetrahydro-thiazine, 
reported by Shell; and the NRDC pyrethroid, permethrin. The 
MSAF value of the first was just above the mean of the second 
training set, whilst the other two were just below. These 
results were not considered to be too discouraging however since 
a complete MSAF value could not be calculated for any of them, 
because even the larger training set failed to produce SAF values 
for all their potential fragment combinations.
This latter point underlines the need to extend the size of the 
training sets, so that values for a larger proportion of the 
potential SAFscan be obtained. From the experience so far of the 
size of a randomly selected training set, and the number of SAF’s 
generated, training sets in excess of 3000 compounds would appear 
to be required to produce the 7800 SAF values. This would be 
expensive to generate using present programs. Alternatively a 
more representative selection of structures would have to be made 
to ensure a better cover of fragment combinations.
When the SAF and MSAF analysis procedure was applied to 
herbicide prediction a very much lower level of correlation 
was obtained, even in a 1053 compound training set (table 53).
When the definition of activity was raised, to exclude compounds 
of low activity, only a slight increase in significance was 
obtained (tables 53a and 54a). Certainly nothing of practical 
value was produced. Several possibilities were examined for this 
poor performance, including the form of the analysis, the nature 
of the chemical fragments and the definition of activity. The 
first was discounted. It was also shown that although MSAF 
value is influenced by fragment number; with compounds possessing 
low fragment numbers tending to have low MSAF values (table 54c); 
removal of these low-fragment compounds, did not improve the 
discriminatory powers of the MSAF value. Although the fragment 
analysis from WLN needs improvement, especially with regard to 
distinguishing more clearly between ring and substituent features, 
and isomers, this was not regarded as the main cause. The main 
factor in the poor discrimination was probably the very broad 
definitionof herbicidal response adopted. In the definition of 
insecticidal activity, death of the insect is the one and only 
criterion, in the herbicide tests however a very wide range of 
symptoms is accepted as qualifying for classification as active 
Further work is therefore necessary to separate out different 
sets of computer stored symptoms so as to discriminate this 
property more effectively.
The final procedure investigated was an in-depth evaluation of 
the Free-Wilson model as a means of structure optimisation 
(Free and Wilson, 1964). This approach has been applied extensively 
in the drug development field however to
date its application to pesticide research has not been reported. 
This is essentially an empirical approach based on the assumption 
that each substituent in a molecule makes an additive, and 
constant, contribution to the biological response, regardless of 
substituent variations in the rest of the molecule. The value 
of the contribution is not a constant and may vary according 
to the general structural environment in which it is operating. 
Hence it cannot be used to predict the activity values of 
untested substituents, by extrapolation or analogy. It is 
particularly effective in allocating activity factors, or 
coefficients, to combinations of structural variables attached 
to several sites of substitution in a common skeleton. The values 
of the coefficients are obtained by the solution of a series of 
simultaneous equations having the presence or absence of the 
chemical features as the independent variables, and the biological 
response as the dependent variable. The significance of the 
solutions is measured by computing the standard error of the 
individual substituent coefficients, and by the application of the 
Fisher test of variance to the differences between the observed 
result, and the calculated result, for the compounds based on 
the regression coefficients. A secondary aim in this work was 
to develop a procedure whereby the present model of laborious 
manual extraction of structural fragments; the'independant 
variables; for the model, could be replaced by a rapid automatic 
process. The program adopted for computing the Free-Wilson model, 
for computing efficiency, limited the number of independent 
variables; the chemical substituents; to 34 and all the studies 
had to operate within this constraint.
In the first investigation the reliability of the model for
predicting mammalian toxicity of a series of 2-trifluoromethyl
benzimidazoles was investigated. This series was chosen since
a large number of variants of a basic common structure had been
made,which enabled a full assessment to be made of the accuracy
of the predictions. A representative set (33) of halo (fluoro,
chloro, bromo and iodo) and nitro substituted compoundswas chosen,
for which mammalian toxicity values (acute oral LD50 to rat in
mg/kg) were available. The total number of possible variants of
these halo-nitro benzimidazoles was 6 6 6. Thus if it could be
demonstrated that an accurate prediction of the remaining 633
could be made from the 33 chosen, the model would be shown to
be a significant tool in increasing the efficiency of structure
optimisation. Following the earlier work of Fujita and Ban
(1971), two forms of data transformation were used, the simple
log LD50 (in mg/kg) and log 1/C; where C = LD50 in mmol/kg.
These values,and the 10 chemical fragments,are summarised in
table 58. The activity coefficients derived (table 59) ,and a
comparison between the actual and calculated toxicity values
(table 60) }showed a high overall significance by the ’F ’ test.
Of the two data transformations the log 1/C gave the best
correlation, confirming the observations of Fujita and Ban.
values
Inspection of the observed and calculated^however suggested that 
ter
substituent ii^ictions were affecting the accuracy of the model. 
Kubinyi (1976) and Kubinyi and Kehrhahn (1976) demonstrated that 
interaction terms can be introduced into the Free-Wilson model, 
when studying the additivity or non-additivity of substituent 
contributions to the fitting of Hansch-type equations. Hence it 
was decided to explore the use of interaction terms in the
mammalian toxicity model. The constraints introduced by the 
Free-Wilson program however severely restricted the number of 
interaction terms permissable and two compromise systems were 
investigated. In the first, (type B features)>the relative 
positions of the substituent atoms to each other in the ring 
were specified, but not the exact structure of the second 
substituent; for example in the structure:-
Br
I
the bromine atom was identified and that it was ortho and
para to other atoms, which were not identified; the chlorine atom 
was identified and that it was ortho to two other unspecified atoms. 
In this way it was possible to reduce all the interaction 
possibilities down to 13 (table 61). In the second, (type C 
features) the interactions were generalised without specifying 
either atom; for example, halogen ortho to halogen, or halogen 
para to nitro; with a distinction being made however, between the 
small : chlorine and fluorine : and large : bromine and iodine : 
halogens. In this way the interaction features were reduced to 
14 only (table 62).
When the model was re-run the activity coefficients for the type 
B features (table 63) showed an increased significance over the 
original values (table 59), which was clearly shown in the 
increased correlation between observed and calculated values 
(table 64). The log 1/C transformation again gave the best result. 
Type C features were marginally better than type B. Putting these 
substituent coefficients to the test predictively, for a group of
38 other halo and/or nitro derivatives of known activity, confirmed 
the trends noted in the initial analysis. A generally good 
agreement between actual and predicted toxicity was given by 
all three chemical substituent definitions, and by both data 
transformation (tables 68 and 69). However the log 1/C data 
proved to be the most accurate. Of the chemical descriptions, 
the type B features, proved to be better than either type C 
features, or where no interaction features were used. For 
example, using log 1/C data and type B feature coefficients,
97% of the predictions were within ± 25% of the actual value 
(table 71). It was also shown that if a too detailed 
definition of interaction features is employed, a larger number 
of initial compounds has to be used to produce coefficients 
for all possible interactions. This is counter productive.
The application of the model to prediction of insecticidal and 
acaricidal activity in the 33 benzimidazoles, involved initially 
the transformation of the computer coded data back into values, 
from which an average toxicity could be calculated. When this 
was accomplished for a representative range of species, the 
influence of three different forms of data transformation was 
studied : average LC50, log LC50 and log 1/C (C = mmol/1). A 
structure matrix with (type B) and without interaction features 
was used.
The results (tables 74-79) showed that the significance of 
correlation between observed and calculated insecticidal values 
was best with the log 1/C transformation, and worst with the 
untransformed LC50 value. The inclusion of interaction features 
(type B) also improved the significance. When the coefficients 
were used to predict the activity of 38 other benzimidazoles
(table 81) the best fit again was produced by the log 1/C 
transformed data (table 83). Unlike the initial run however, 
the use of interaction features appeared to reduce significance 
slightly. This result underlined the need for caution in 
extrapolating from small data bases, since clearly the coefficients 
of the interaction terms were biased by the choice of examples.
When a larger group of compounds was used to generate the 
coefficients, a very much improved accuracy was recorded with 
type B features (tables 83 to 86). In the acaricidal analysis 
the trend followed the same pattern.
When attempting to apply the model to the herbicidal response of 
the same set of 33 benzimidazoles, again it was necessary to 
transform the computer stored herbicidal score code to a value 
capable of computation. The main problem here was that it is 
normal practice in herbicide tests to apply the compound at 
several dosages, not all of which may be employed, according 
to previous knowledge or sample availability. Hence a single 
algorith m was required to convert the scores observed at the 
variable rates to a standardised value for a given rate. A 
method was developed based on the angle of the average dose- 
response slope for the series (Figs. 27-29, Section 5.4.4.2), 
calculated from representatives tested over a broad dose range. 
Using this method, a standardised post-emergent percentage 
herbicide score for the 0.7 kg/ha rate was calculated. This was 
given an arcsine and probit transformation. Using the average 
slope factor, LC50 levels in kg/ha or M/ha were also calculated 
and transformed to logs* The chemical fragments were used with 
(type B), or without, interaction features.
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When no interaction features were employed the most significant 
coefficients were produced by the probit transformation. The 
average herbicidal score at 0.7 kg/ha and arcsine transformations 
were also highly significant. Both sets of coefficients produced 
from the calculated LC50 levels were of lesser significance.
The levels of significance (table 92) were further improved by 
the use of type B interaction features, (tables 94 and 95).
When used predictively for the second set of 38 benzimidazoles the 
best coefficients : probit transformation of type B features : 
were 97% accurate in their prediction at the ± 25% level (table 
98) and the worst : log LC50 in kg/ha without interaction 
features : were 16% accurate.
These results indicated that the modified Free-Wilson model , 
using appropriate data transformations and simple interaction 
features ,could give a substantially accurate prediction of 
mammalian toxicity, insecticidal, acaricidal and herbicidal 
activity.
The reliability and value of transformation were confirmed when 
applied to the insecticidal response of a series of oxime carbamates 
(tables 99-101 and 103-106), the herbicidal response of a series 
of urea herbicides (tables 108, 110 and 111) and the fungicidal 
response of oxindoles (tables 114 and 115).
Automation of chemical fragment extraction, for producing the 
structure-matrix of the Free-Wilson model, was accomplished by 
using a modified WLN fragmentation program develop by D. Bawden 
at Sheffield (Adamson and Bawden, 1976 and 1977). In this, for 
comparison with earlier work, a series of 57 substituted 
benzimidazoles were used as the test compounds and their mammalian
toxicity : the acute oral LD50 to rats in mg/kg : as the 
biological parameter.
The program derived three sets of chemical features. The first 
identified the substituent and its frequency : type X; the 
second the substituent, its frequency and relative position in 
the molecule : type Y; and the third, the substituent, its 
frequency and its relative position in the molecule and to the 
other substituents, which were identified, type Z (Fig. 30).
The three types of structural feature (table 120) were 
correlated with mammalian toxicity using the ICL multiple 
regression package. Activity coefficients produced for these 
features (table 117-119) showed a significant correlation between 
observed and calculated values. An improvement was also noted 
with the increase in level of fragment definition from type 
X to type Z features.
These coefficients were then used to predict the activity of a 
further 28 compounds which were compared (table 126) with the 
accuracy of predictions from type B substituent coefficients 
(table 123), produced manually and subjected to the standard 
Free-Wilson program (table 124). The results showed that of the 
features produced by the WLN fragmentation program, the type Z 
features gave the best predictions, with an accuracy of 75% 
at the ± 25% level. However this was only marginally better 
than the type X and Y features which gave an accuracy of 71%.
None of these as quite as good as the type B features which 
was 81% accurate.
Overall, because of the ease of fragment generation, a lower 
level of accuracy would be acceptable for the production of 
coefficients from large groups of compounds. However there is 
one drawback to the use of type Z features, which was observed 
earlier with the manually-derived complex interaction descriptions. 
That is, in order to predict activity of novel combinations, a 
much larger number of compounds have to be prepared for producing 
the type Z features, than for types X or Y.
In conclusion, the work carried out, and reported here, has shown 
that the application of computer-based data analysis and artificial 
intelligence techniques can provide assistance for the development 
of more rational procedures in pesticide research. At their simplest 
they offer a means of extracting and assembling compounds of like 
structure, together with a digest of their biological properties, for 
intuitive study by chemists and biologists. These have, and will con­
tinue to play, a very important role. As a further refinement, the 
computer may be used to provide a summary of the complex biological 
results, from which the broad trends in activity of a series may be 
detected. The activity digest may also, when taken in conjunction with 
the structured chemical file, be used to high-light substructural 
features of potential interest. As a stage beyond this, biological 
activity coefficients can be produced for a large number of automat­
ically generated chemical fragments, which represent the average 
responses for a large file. From these, the probable activity of new 
structures can be predicted, with some degree of confidence. Although 
this procedure still needs considerable refinement, both for chemical 
substructure and biological response definition, it offers promise 
for saving synthetic and experimental time. As a further refinement 
of this, it is conceivable that if sufficiently reliable chemical
382
fragments, and biological activity coefficients, can be generated 
the chemist could, before carrying out a synthetic programme, invest­
igate the potential of his series by computer. He would need only 
to feed in the putative structures. From these fragments would 
be generated and the compounds’ probabilities of activity calculated. 
Certainly once several members of a potentially interesting series 
have been made, and tested, procedures for structure optimisation 
can be employed. The modified Free-Wilson technique investigated 
here shows that, provided a satisfactory transformation of the 
biological data is carried out, a very high level of predictive 
accuracy can be achieved. This can operate even when moderate 
degrees of substituent interaction occurs.
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Appendix I
Biological Screening Methods
1. The herbicide screen
2. The insecticide screen
3. The fungicide screen
HERBICIDE SCREENING METHODS
1.1 Stage I Tests
1.1.1 Species
Peas - VXAum A atlvum , cultivar Onward
Mustard - Sznap-lA a lb a
Linseed - Llncun uA lta llA A lm um , cultivar
Horalta
Ryegrass - LoZlum poAanne., cultivar
Westerwolthe
Sugarbeet - BoXa vu lg aA lA , cultivar Sharpes 
Klein
Oats - Avzna A aX iva , cultivar Maris
Quest
Maize - I qjx maijA, cultivar Caldera
1.1.2 Growing Conditions 
Temperature: 20°C ± 1°
Lighting: 14 hours in 24 with fluorescent 
tubes, about 1000 foot candles
Watering: All top watered daily
Compost: John Innes 1 Potting
Containers: Anodised aluminium pans,
190 mm long x 95 mm wide x 60 mm deep.
1.1.3 Methods
a) Post-emergent
New compdunds are initially applied to 
the above species, except maize, at 
doses equivalent to 11.2 kg/ha in 900 
1/ha, or 2.8 kg/ha in 450 1/ha.
Formulation, in order of preference, 
is as a water solution, sodium salt, 
hydrochloride, aqueous suspension or 
aqueous acetone solution. 1000 pppm 
lissapol NX is added to all except 
the acetone formulations. Normally 
acetone solutions are 50:50, but 
occasionally 75% acetone:25% water 
has to be used.
Assessments ure made 7 days later. If 
the response gives the impression of 
being•chronic a further assessment after 
14 days is made. Effects are visually 
assessed on a scale 0 = none, 100 = 
complete Kill. This normally represents 
the mean of two assessors opinions.
Active compounds are retested at 2.8 Kg/ha 
and 0.7 kg/ha. Good activity at 2.8 kg/ha 
or below is followed up with stage II 
tests.
b) Pre-emergent
New compounds are formulated as dusts by 
grinding, in a mortar and pestle, with 
attaclay and fine sand. These dusts are 
incorporated into dryish compost 
immediately before sowing.
The species used are as in the above 
list with the exception of sugar beetj 
which is replaced by maize. Dosage 
rates are 56.0 kg/ha (=100 ppm in the 
compost) and/or 11.2 kg/ha (-20 ppm in 
the compost).
Assessments are made 3 or 4 weeks after 
sowing.
Good activity at 11.2 kg/ha is followed 
up with stage II tests.
1.2 Stage II Tests
1.2.1 Species : Dicotyledons
- S te llc v U a  me.dia 
(post and pre)
- HaMulciaAA.a -ip.
(post only)
- Galium apaAlne.
(post only)
- Polygonum la p a th l& o llu m
(post only)
- Cke.nopodium album  
(post and pre)
- Ch/iy&antkmum 6&g eXum 
(post only)
- AmaAanthuA AelAo &le.xuA 
(post only)
- Gojbijplum 6p. cultivar 
Acala SJI (pre only)
- UjaopeAAlcon ejiC.ule.wtum 
cultivar Moneymaker 
(pre only)
- VaucuJ> c.a/iota jp .  jcutlvaA  
cultivar Chantenay (pre only)
Chickweed
Mayweed
Cleavers
Pale persicaria
Fathen
Corn marigold 
Pigweed 
Cotton 
Tomato
Carrot
Monocotyledons - all post and pre-emergent
Wheat - T /iiticu m  aeA-tivum
cultivar Capelle
Barley - HoAdcum valgaAc
cultivar Proctor
Wild oats - kvcna. fiatuci
Blackgrass - klopccvAX)J> myoAuAoldcA
Barnyardgrass - Ec.klnoc.kloa c A u A -g a lll
Crabgrass - V lg lta A la  J a n g u ln a tU
Couch - AgAopyAon AcpcnA
Yellow nutsedge - CypcAuA CACulcntuA
Purple nutsedge - CypeAuA AotunduA
1 . 2 . 2 Growing Conditions 
As in stage I
1.2.3 Methods
a) Post-emergent
Depending on the activity in stage I 
tests, selected species are sown and 
treated 2 weeks later (monocotyledons) 
or 2-3 weeks later (dicotyledons).
Doses are usually 2.8 kg/ha for 
monocotyledons and 1.4 kg/ha for 
dicotyledons, using 2000 ppm lissapol 
NX for a wetting agent.
Assessments are normally made after 
2 weeks but are sometimes left for 
the third week.
b) Pre-emergent
Again species are selected according 
to the type of activity in stage I 
tests.
The dose used is normally 2.8 kg/ha, 
one set of species sown in compost in 
which the compound is incorporated, and 
one set treated with a surface spray 
after sowing.
Assessments are made 3 or 4 weeks after 
sowing.
INSECTICIDE SCREENING METHODS
2.1 Species
The following species, stages and exposure periods 
are used in stage I screening
Species
Mcgouna v lc la c ,  
vetch aphid 
ToXn.ayiyc.kuj> te la n lu j> , 
red spider mite 
ToXnanyckuA toZaJviux, 
red spider mites 
VluXeJLla mac.uLipo.nwU>, 
diamond-backed moth 
Pkacdon cocfilo.anlae, 
mustard beetle
TniboHum confiuAum, 
confused flour beetle
L u c lt ia  AonlcaXa, 
sheep blowfly 
MuAca domoj>tlc.a, 
houseflies
BlaXXoJLta goAmanlca, 
german cockroach
Stage
adults
adults
eggs
2nd instar 
larvae
2nd instar 
larvae
adults
1st instar 
larvae
adults
1st instar 
nymphs
Exposure 
24 hours
3 days
until emergence 
3 days 
3 days 
5 days 
24 hours 
24 hours 
3 days
2.2 Methods
Species 1 - 5 inclusive are treated by spraying both 
the insect and the plant to run-off. Formulation 
is in order of preference, a water solution, 
sodium salt, the hydrochloride, aqueous acetone or 
very fine suspension, and the top rate of treatment 
is 1000 ppm. If control is >50%, then tests are 
repeated at lower rates : 300ppm, 100 ppm, 30 ppm,
10 ppm, 3 ppm and 1 ppm : until activity falls 
below 50%.
For species 6,flour is treated with an aqueous 
acetone solution or suspension of the compound to 
give 1000 ppm in the dried mixture. This flour is 
infested with adult beetles.
Blowfly larvae (species 7) are tested on cotton wool 
plugs which have been soaked in 1000 ppm acetone 
solutions or suspensions, dried and re-moistened 
with blood serum.
Species 8 and 9 are tested by contact with a treated 
surface.. Houseflies (species 8) are enclosed in a 
crystallising dish with a filter paper which has been 
treated with an acetone solution or suspension of the 
compound and dried to give a deposit equivalent to 
1000 mg/m2. Cockroach numphs (species 9) are exposed
to a glass plate treated at a 500 mg/m^ rate with 
acetone solution or suspension and dried.
Assessment
After the appropriate exposure period the mortality 
is assessed and the LC50 obtained by eye from dose 
response data plotted on log-probit analysis paper.
FUNGICIDE SCREENING METHODS
3.1 Stage I in vitro antifungal test
3.1.1 Species
VuAaAium oxy&poh.um; VeAticiXXXum aibo-atAum ; 
Lmzite.& tAabda.; khpoAgiiZu t nigeA; 
Clado&pohium koAbaAum; Pe.niccXtXXum d ig itaX um ; 
Phoma. e.xigu.a.
3.1.2 Methods
Compounds are formulated as solutions or 
suspensions . in acetone and incorporated 
into potato dextrose agar,or malt agar, 
according to the species, to give a 
concentration of 30 ppm. The mixing is 
carried out in the petri dishes.
24 hours after pouring, the plates are 
inoculated with the test fungi; mycelial 
plugs from 14 day old cultures are used in 
the case of F. oxy6po>ium, \J. albo-aXAum,
L. tA abm and P. QX-LgiiCL, and sterile filter 
paper discs soaked in spore suspensions for 
A. YiigoA, C. hoAbaAum and P. di.giX.atum.
One week later the diameter of each mycelial 
colony is measured and compared with that 
of the controls. The result is expressed 
as the percentage growth inhibition in 
comparison with control growth. If no 
growth has occurred the inoculum.plug is 
transferred to fresh medium to determine 
whether the compound is fungistatic or 
fungicidal. If it proves to be fungicidal 
it is retested at 10 and 1 ppm.
3.2 Stage I soil test
3.2.1 Species
Pythium uXXinum; P liiz o c to n ia  A o la n i
3.2.2 Methods
The test involves an assessment of. the ability 
of compound to inhibit the growth of Pythium  
uiXXmum and RkizocX.onia A o lav ii in the soil, 
or to allow the germination and growth of 
susceptible cabbage seedlings in the presence 
of these damping-off fungi.
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The fungi are grown in maize meal sand cultures' 
(1 part maize meal/19 parts washed sand). When 
these are ’ripe’ they are mixed with John Innes 
potting compost and the compost put into plastic 
'jelly pots’; 75 g/pot.
Compounds are formulated by grinding in a 
solution of Tween 20 wetting agent and made up 
in water to give a concentration of 1500 ppm 
compound/125 ppm wetter. 15 ml of this 
solution is applied to each pot : giving a 
concentration of 300 ppm compound in each pot. 
Control pots are set up by adding 15 ml of 
125 ppm solution of wetting agent to the 
inoculated soil. Uninoculated/untreated 
pots are also prepared, and for each compound, 
a treated uninoculated pot is set up as a 
phytotoxic control. Three replications per 
treatment are employed.
Immediately after chemical application the 
pots are sown with cabbage seeds : variety 
Flower of Spring: 15 seeds per pot. The 
seeds are covered with the treated inoculated 
soil, and the pot closed with a plastic top.
They are then incubated at 22°C for 7 days.
3.3.3 The assessment
Assessment of inhibition of mycelial growth 
is carried out on a subjective scale from 
0 - 5; 0 indicating no mycelial growth and 
5 complete growth of mycelium through the 
soil. Percentage mycelial control is cal­
culated from this.
The number of germinated cabbage seed are 
also counted and the percentage germination 
calculated from a comparison with the control 
pots.
The phytotoxicity of the compounds is determined 
by comparing the seedlings in the treated 
uninoculated pots with those in the untreated 
control and assessing any stunting. Compounds 
are retested at lower rates, i.e. 1.00 ppm,
30 ppm and 10 ppm where there is:-
a) >25% stunting
b) >75% mycelial control
c) >70% germination of seedlings in the
presence of fungal mycelium.
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3.3 Stage I and II invivo fungicide test
3.3.1 Species
Phytopktkon.a j.ntfoJ>ZavL6; potato blight
Botn.ytjj> {)dbao.; chocolate spot on broad beans
En.yAj.ph.0. CA.c.konxLCQ.aAum; powdery mildew on
cucumber
Un.omyc.QJi ph.cUiQ.oZj.; rust of french bean 
PZcUmopaAa. \)jJu.c.oZa; vine downy mildew 
PynA.cuZanML on.yza.0.; rice blast disease 
En.yAj.pko. gn.amj.vuj>; powdery mildew on barley 
Puccj.vu.0. n.Q.condjXa.; brown leaf rust of wheat
3.3.2 Methods
The compounds are formulated by grinding in 
Tween 20 wetter and diluting with water to 
give a concentration of 2000 ppm compound 
plus 125 ppm wetter.
The solutions are applied to the plants as 
a combined foliar spray and soil drench.
24 hours after the application the plants 
are inoculated by either spraying with 
spore suspensions of the fungi and then 
incubating in a humid atmosphere (for the 
blight, chocolate spot, rice blast and rusts] 
or by shaking diseased material over the 
treated plants as in the case of the powdery 
mildews. Three replications are used per 
treatment.
3.3.3 Assessment
A visual assessment of disease control is 
carried out when the untreated inoculated ' 
plants are thoroughly affected. The degree 
of fungus control is recorded on a 0-10 scale 
where 0 = no disease and 10 is complete leaf 
coverage or death. The percentage control is 
calculated from a comparison between treated 
and untreated plants. Compounds producing 
more that 75% reduction of disease in the 
combined soil-systemic leaf-protectant test 
are retested in separate soil drench and 
foliar spray tests at lower concentrations.
3.3.4 Additional tests
An anti-sporulant test is carried out with 
P. stntfeAtanA. After assessment of the 
protectant test the infected plants are 
sprayed again with the compounds and re­
incubated for 24 hours. An assessment 
of the amount of sporulation is then 
carried out.
A foliar systemic test is carried out 
using U. pkaA&oLL on french beans. The 
compound is painted on the distal half of 
one leaf and the proximal half of the other.
After 24 hours the plants are sprayed with 
a spore suspension of the fungus and incubated.
The anti-sporulant test and the foliar 
systemic test are only carried out with compounds 
which have shown >75% control in the combined 
systemic/protectant test at 2000 ppm.
A curative test is carried out on cucumbers, 
against powdery mildew if the compounds have 
shown activity as protectants at 500 ppm.
Plants inoculated 6 days previously are 
sprayed with the compounds and assessed for 
curative and anti-sporulant effect after a 
further 6 days.
Appendix II
Examples of Manual Data Recording Methods.
1. Herbicide experimental recording sheet
2. Pre-computer herbicide report form.
3. Pre-computer insecticide reort form.
4. pre-computer fungicide report form.
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Appendix III
F.xamples °f Punched Cards Used to Record Biological Screening 
Data
1. Chemical information and screening instructions card (C/1).
2. The Wiswesser Line Notation card.
3. The herbicide stage 1 test record card.
4. The insecticide record card.
5. The fungicide _in vitro test record card
6. The fungicide _in vivo test record card.
417
1 1 lS3d S\;OSIJ
1. Chemical information and screeing instructions card.
The card records the structure code number (1703^), the 
originators code, the empirical formula ( ^21^20^2^3^ 
and the screens to be carried out (and their 
relative priorities.
418
ON sjvij
na
an loaiNCO 1 s3d snosu
2. Wiswesser Line notation record card.
WLN coded is L3TJ A1 A1 BV01R COB&& C1UYGG.
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3. Herbicide pre-emergent record card for compound 5143
The dose rate employed was 5.6 kg/ha (= 20oz/acre). A 
high level of activity is shown against mustard, linseed, 
ryegrass, oat and maize. The symptoms are chiefly necrosis.
420
4 .Insecticide record card for compound 17035
High activity is shown against M.viciae (6), _L. sericata (6),
B. germanica (6) and P. cochleriae (6). Persistency against'seven 
"species is recorded but the compound shows no systemicity.
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Fungicide in vitro record card.for compound 12483
A modest in vitro response ( IG-n = ^SOppm) is recorded against 
P.* palmivora, P_. ultimum, _R. solani, F\ oxysporum, _V. albo-atrum, 
trabea and P. digitatum.
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Fungicide in vivo record car for compound 12483.
The compound shows a high level of activity in the combined 
soil and foliar treatment at 500 ppm ( 5 in col. 78) against 
JS. cichoracearum on cucumber and moderate activity against 
B. fabae. Some phytotoxicity is recorded on cucumber.
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Appendix IV
Standard Pesticides Data
1. Common names and uses.
2. Structures in Wiswesser Line Notation and Chesterford 
Line Code.
APPENDIX IV
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STANDARD PESTICIDES : COMMON NAMES & USE
1. dalapon selective contact herbicide translocated from foliage and
roots - control annual and perennial grasses.
2. dimethoate contact systemic insecticide/acaricide
3. Fentin acetate non-systemic fungicide - broad range including
downy mildews
4. phenthoate non-systemic contact/stomach insecticide
5. maleic hydrazide plant growth regulator - inhibiting growth
6. menazon systemic insecticide, especially against aphids
7. dicamba systemic post-emergent herbicide for control of broad
leaf species in cereals.
8. butonate insecticide
9. dodine protective fungicide with some eradicant action
especially for control of scab of top fruit
10. quintozene seed dressing and soil fungicide
11. triamiphos systemic fungicide for powdery mildew control - slight
insecticidal and acaricidal activity
12. azobenzene non-systemic acaricide
13. anilazine protective fungicide for downy mildew control
14. atrazine selective pre and post-emergent herbicide
15. simeton selective pre-emergent herbicide
16. prometon non-selective pre-emergent herbicide
17. simetryn pre-emergent herbicide
18. pentachlorophenol insecticide for termite control, fungicide for
~ wood protection and general non-selective 
post-emergent herbicide
19. diuron non-selective pre-emergent herbicide
20. chlorquinox non-systemic protective and curative fungicide for
powdery mildew control
21. zineb non-systemic fungicide for broad range of foliar diseases
(not powdery mildews) especially downy mildew
22. maneb non-systemic fungicide for broad range of foliar diseases
- not powdery mildews
23. dinocap non-systemic acaricide and fungicide especially for
control of powdery mildews
24. thiram non-systemic fungicide for foliar and soil disease
control - especially 'damping-off' diseases
25. copper hydroxy quinolate
26. carbaryl contact insecticide with negligible systemic action
27. trifluralin selective pre-emergent herbicide with some
post-emergent activity
28. paraquat post-emergent broad spectrum contact herbicide with
systemic action
29. BHC persistent non-systemic stomach and contact insecticide with
some fumigant activity
30. DDT persistent non-systemic contact and stomach insecticide
31. triallate pre and post-emergent herbicide for control of wild
oats in cereals and peas
32. pyrazon pre and post-emergent herbicide especially for use in
beet.
33. tetradifon non-systemic acaricide for control of eggs and young
. stages - but not adults
34. dicofol non-systemic acaricide control eggs and adults
35. fenuron pre-emergent herbicide
36. linuron selective pre and post-emergent herbicide
37. chloropropylate non-systemic acaricide
38. binapacryl non-systemic acaricide - also active as fungicide
against powdery mildews
39. chlorflurazole post-emergent herbicide
40. picloram pre and post-emergent herbicide - selective in
monocotyledons at normal rates
41. azauracil
42. bromacil non-selective pre-emergent herbicide
43. MCPA hormone-type post-emergent herbicide for selective control
of dicotyledonous weeds in monocotyledonous crops
44. bensulide selective pre and post-emergent herbicide
45. fenazaflor non systemic acaricide with some insecticidal activity
46. thiabendazole systemic foliar fungicide (originally developed
as anthelmintic)
47. lenacil selective pre-emergent herbicide
48. chlorothalonil non systemic broad range protective fungicide
for foliar or soil treatment
49. dichlorphen seed treatment fungicide
50. fentin hydroxide non systemic fungicide especially active
against downy mildew diseases
51. carbofuran systemic insecticide (and acaricide)
52. dichlofluanid broad spectrum protective fungicide for control
of scab and downy mildew diseases : slight 
activity against powdery mildew and mites
53. lethane 384 non systemic contact insecticide
54. phosphamidon systemic broad spectrum insecticide
55. terbacil selective pre-emergent herbicide especially for
control of monocotyledonous species
56. bromoxynil post-emergent contact herbicide especially for
control of dicotyledonous weeds in cereal
57. fluometuron pre-emergent herbicide with some selective action
58. pipron foliar fungicide for control of powdery mildews
59. bendiocarb contact and systemic insecticide especially active
against cockroaches
60. phenmedipham post-emergent herbicide particularly for
selective use in beet
61. chlordimeform acaricide especially active against eggs
and immature stages
62. aldicarb systemic insecticide and soil nematicide
63. carboxin systemic fungicide especially for seed treatment
against smuts
64. captan protectant fungicide
65. benomyl systemic protective and eradicant fungicide; active
against a wide range of diseases
66. drazoxolon foliar fungicide especially for powdery mildew
control
67. ditalimfos protective fungicide for apple scab and powdery
mildews
68. carbendazin systemic protective and eradicant fungicide
controlling wide range of pathogens
69. meturin pre-emergent herbicide
70. thiophanate systemic broad range fungicide
71. pirimicarb selective insecticide especially for aphid
control. Limited fumigant and systemic properties
72. triarimol fungicide particularly for powdery mildew control
73. MCA-108 selective anti-rust rungicide
74. pyridinitril protective fungicide for broad range of
fungal diseases including powdery mildew
75. cartap insecticide particularly against chewing insects
76. philips PH50-82 protective fungicide for use in fruit crops
77. nitrofen pre-emergent herbicide, toxic to monocotyledon and
dicotyledon species
78. dinobuton non systemic acaricide
79. bromofenoxium contact herbicide especially active against
annual dicotyledons. Negligible soil activity
80. metribuzin pre-emergent herbicide especially for use.in
potatoes and other vegetable crops
81. bentazone contact herbicide especially for use in cereals
- no useful pre-emergent effect
82. acephate contact and systemic insecticide with broad range
of activity
83. chloraniformethan fungicide for control of powdery mildews
84. MBR 6866 fungicide
85. cyhexatin acaricide active against all stages
86. triforine systemic fungicide for control of powdery mildews,
scab and other fruit diseases
87. benzoylprop-ethyl selective post-emergent herbicide for
control of wild oats in cereals
88. guazatine fungicide used as seed dressing
89. NRbC 143 broad spectrum contact and persistent insecticide
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Chesterford Line Notation of Standard Pesticides
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Appendix V
SAF values and MSAF calculations for three 
novel insecticides.
uompound structure: y >^->immi_2
j L  / V  433
(CH3 ]3C ^ x  N ' ’ SCH2CH=CH2
WLN = T5NN DNJ AVN1&1 CX1&1&1 ES2U1
Fragment present: 1,2,6,7,20,24,26,32,33 (see table 30)
Fragment Combination Values (from second training set)
SAF No Fragments SAF Value SAF No Fragments SAF Value
74 2. 6.26 0.750 827 1. 2. 6 0.333
322 1. 6.20 0.625 1106 6. 7.20 ' 0.333
359 6.20.26 0.600 1135 6.20.24 0.333
388 0..6.20 0.565 1136 6.20.32 0.333
405 2. 7.20 0.543 1452 1. 7.20 0.329
412 2.20.33 0.517 1455 2.20.26 0.324
454 2. 6.20 0.500 1460 0.20.33 0.316
501 7.24.33 0.500 1463 2.26.32 0.316
'546 1. 2.20 0.489 1492 0. 9.23 0.300
574 1. 2. 7 0.438 1508 2. 6.33 0.296
607 0. 2.20 0.419 1513 2.26.33 0.293
613 1. 2.33 . 0.410 1515 0. 2.26 0.291
618 0. 2. 7 0.403 1516 0. 7.20 0.289
642 2. 6. 7 0.400 1525 2. 7.24 0.286
680 24.26.33 0.400 1550 0. 0.20 0.285
687 0 . 1 . 2 0.388 1572 2. 6.32 0.273
689 2. 7.33 0.386 1592 1.20.26 0.264
730 1. 2.26 0.365 1617 0. 6.24 0.250
742 1.20.33 0.359 1648 1 . 7.24 0.250
750 7.20.33 0.346 1695 2.32.33 0.250
753 0. 2.33 0.344 1762 6. 7.26 0.250
756 0. 2. 6 0.343 1803 7.24.32 0.250
757 20.26.33 0.341 1933 1. 2.32 0.241
758 0. 0. 2 0.341 1938 2. 7.26 0.240
SAF No Fragments SAF Value SAF No Fragments SAF Value
1957 0. 1.26 0.233 2272 0.26.32 '0.186
1958 0. 0. 1 0.233 2273 20.32.33 0.186
1973 7.20.26 0.229 2279 0. 7.33 0.184
1974 20.26.32 0.227 2282 0. 1. 6 0.183
1981 0. 0. 6 0.223 2284 0. 7.24 0.182
1988 1.24.33 0.222 2289 1.24.26 0.182
1995 6.20.33 0.222 2299 24.26.32 0.182
2019 0. 2.32 0.214 2319 0.24.33 0.171
2044 1.26.33 0.208 2337 0.22.33 0.167
2049 26.32.33 0.208 2340 1. 2.24 0.167
2053 0. 0.33 0.204 2450 6.32.33 0.161
2054 0. .1. 2 0.203 2457 1. 6.33 0.159
2055 1. 7.33 0.202 2459 0.32.33 0.159
2056 0. 0.26 0.201 2460 1 .32.33 0.159
2083 1. 6. 7 0.200 2481 1. 6.26 0.154
2111 2.24.33 0.200 2504 0.20.32 0.151
2149 6. 7.32 0.200 2509 1. 6.32 0.148 .
2156 6. 7.33 0.200 2512 0. 6.32 0.147
2239 1.26.32 0.194 2514 1.20.32 0.145
2241 0. 0. 7 0.193 2518 0. 6. 7 0.143
2248 0. 6.26 0.190 2530 0.24.26 0.143
2256 0.26.33 0.189 2542 2.24.26 0.143
2264 2.20.32 0.188 2562 2.26.33 0.143
2268 24.32.33 0.188 2569 7.24.26 0.143
SAF No. Fragments SAF Value
2160 0. 1.32 0.140
2614 0. 0.32 0.138
2615 0. 6.33 0.137
2622 1. 7.26 0.136
2645 1.24.32 0.130
2650 0. 1.24 0.128
2653 0. 7.26 0.127
2686 2.24.32 0.125
2708 7.20.24 . 0.125
2722 20.24.26 0.125
2737 0. 2.24 0.118
2765 2. 7.32 0.111 .
. 2767 2.20.24 0.111
2775 2.26.32 0.111
2777 7.20.32 0.111
2797 20.24.32 0.111
2804 0.24.32 0.107
2847 20.24.33 0.100
2857 7.26.33 0.092
2881 0. 0.24 0.087
2971 7.32.33 0.059
2975 1.20.24 0.056
2984 1. 7.32 0. 048
2986 7.26.32 0.048
2990 0. 7.32 0.043
2997 0.20.24 0.040
E 122 frags. = 29.220 
.\ MSAF value = 0.24
Structure: \ X  C02CH2
0-// \
Me Me \.._
WLN: L3TJ A1 A1 BV01R C0R&& C1UYGG
Fragments Present: 1,5,7,9,12,29,31 (See Table 30]
Non-zero SAF fragment values:
SAF No Fragments Value SAF No Fragments Value
481 5.29.31 0. 500 2241 0. 0. 7 0.193
502 7.29.31 0.500 2246 ' 5. 7.29 0.192
713 5. 7.31 0.375 2255 0. 1. 5 0.190
1533 5. 9.31 0.286 2258 0.29.31 0.188
1553 7. 9.29 0.284 • 2269 0. 1. 9 0.187
1558 0. 1.29 0.279 2280 0. 0. 9 0.184
1567 0. 5.31 0.273 2388 7. 9.29 0.167
1568 0. 7.31 0.273 2444 1. 7.12 0.162
1586 0. 0.29 0.268 2468 7. 9.12 0.158
1604 1. 7.29 0.255 2490 9.19.31 0.154
1620 0. 7.29 0.250 2517 0. 5. 7 0.143
1737 5.12.31 0.250 2607 0. 5. 9 0.141
1958 0. 0. 1 0.233 2613 1. 5. 7 0.138
1975 0. 9.29 0.226 2729 1 . 5 . 9 0.124
1999 7. 9.31 0.222 2732 1. 9.12 0.121
2012 0. 5.29 0.218 2759 1. 7.31 0.111
2016 1. 7. 9 0.216. 2812 5. 7. 9 0.104
2022 1. 5.29 0.214 2903 9.12.31 0.083
2028 0.12.29 0.212 2915 1.12.31 0.077
2038 5.12.29 0.210 2918 1.29.31 0.077
2040 0. 0.12 0.209 2931 0. 9.31 0.014
2054 0. 1. 7 0.203 2934 0. 0.31 0.013
2236 0. 0. 5 0.196 2999 1. 9.31 0.038
2237 0. 7. 9 0.196 3007 0. 1.31 0.028
MSAF = Z 48 fragments = 9 . 4 5 5
A MSAF = 0.20
Maximum number of fragments = 63 
i.e. 76% cover of fragments
24502
Structure: / \
( ) =CHN°2 
\  N
WLN: T6MYSTJ BU1NW
Fragments Present: 1, 5, 7,17,19, 26
SAF No Fragments Value SAF No Fragments Value
684 1. 7.17 0.393 2462 1.17.26 0.158
1739 5.17.19 0.250 2498 17.19.26 0.154
1951 0. 1.26 0.233 2517 0. 5. 7 0.143
1958 0. 0. 1 0.233 2568 7.17.26 0.143
2054 0. 1. 7 0.203 2612 1. 5. 7 0.138
2056 0. 0.26 0.201 2622 1. 7.26 0.136
2080 1. 5.17 0.200 2625 8. 5.17 0.133
2132 5. 7.17 0.200 2627 0.17.26 , 0.133
2141 5.17.26 0.200 2653 0. 7.26 0.127
2236 0. 0. 5 0.196 2671 1.19.26 0.125
2241 0. 0. 7 0.193 2730 0. 7.19 0.124
2255 0. 1. 5 0.190 2744 1. 7.19 0.117
2283 1. 5.26 0.183 2817 5.19.26 0.102
2315 0. 5.26 0.174 2821 5. 7.19 0.101
2322 0. 1.19 0.169 2842 7.19.26 0.100
2223 0. 0.19 0.169 2894 1.17.19 0.083
MSAF = E 32 fragments = 0.5404 
MSAF = 0.168
437
U.S. Pat. 3993648 
AG 92264X
Maximum number of fragments possible = 41 
i.e. 78% cover of fragments
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Appendix VI
Computer print-out in microfiche form of 
Insecticide and Herbicide SAF/MSAF training 
and prediction runs
SAF/MSAF PRINTOUT FOR 400 CPI'S: 1st,2nd & combined 1,2,3, ordo 
values, slide 1-. ■ ‘
gAF/MSAF PRINTOUT FOR 400 CPUS: Ist,2nd & combined 1,2,3 oder 
values, slide 2 ___ comb. , MbAF. .values^tonlfLro.w_4 .no. 2 . .
j SAF^MSAFsJRJ|TQUT FOR 400 CPUS: 1st, 2nd,? combined 1,2,3 order
INSECTICIUE ACT. Training set(500) SAF generation d. Prediction set 
run *1 .
INSECTICiUAL ACT. Training set (950 cpds) and Prediction set (Q11)
2-.    ' : ;
HERBICIDE ACT. Training set (1053$ SAF generation and Prediction
HPt. -nin 1  :_ ___________fiche. 1
'Bj CIDE ACTIVITY. Training set 0053) SAF generation and
ire'11c.T.:i on sei__ run .Iren
HERBICIDAL ACT. Training set 0053) SAF genergation and 
Prediction set. run 2 . fiche 1-
